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VACCINES DIRECTED TO LANGERHANS
CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/882,052 now abandoned, which claims pri-
ority to U.S. Provisional Application Ser. No. 61/242,283,
filed Sep. 14, 2009, the entire contents of which are incorpo-
rated herein by reference.

STATEMENT OF FEDERALLY FUNDED
RESEARCH

This invention was made with U.S. Government support
under Contract No. 1U19A1057234-0100003 awarded by the
NIH. The government has certain rights in this invention.

TECHNICAL FIELD OF THE INVENTION

The present invention relates in general to the field of
vaccines, and more particularly, to compositions and methods
for targeting and delivering antigens to Langerhans cells for
antigen presentation using high affinity anti-Langerin mono-
clonal antibodies and fusion proteins therewith.

INCORPORATION-BY-REFERENCE OF
MATERIALS FILED ON COMPACT DISC

None.
BACKGROUND OF THE INVENTION

Without limiting the scope of the invention, its background
is described in connection with antigen presentation.

Dendritic Cells (DCs) are professional antigen-presenting
cells (APCs) that induce and sustain immune responses and
are fundamental in establishing both tolerance and immunity.
DCs capture and present antigens to CD4* T cells, which then
determine the quantity and quality of antigen-specific CD8* T
cells. There are subsets of DCs "2, including both myeloid and
plasmacytoid DCs (mDCs and pDCs, respectively).

Prior Langerin related agents include those taught in U.S.
Pat. No. 6,878,528, issued to Duvert-Frances, et al., which
include polynucleotides encoding a mammalian Langerhans
cell antigen, including purified mammalian DC cell surface
protein, designated Langerin, nucleic acids encoding Lan-
gerin, and antibodies which specifically bind Langerin.

Other anti-DC related agents are taught in, e.g., United
States Patent Application Publication No. 20060257412, filed
by Bowdish, et al., which includes a method of treating
autoimmune disease by inducing antigen presentation by tol-
erance inducing antigen presenting cells. Briefly, this appli-
cation teaches that antibodies to antigen presenting cells may
be utilized to interfere with the interaction of the antigen
presenting cell and immune cells, including T cells. Peptides
may be linked to the antibodies thereby generating an
immune response to such peptides, e.g., those peptides asso-
ciated with autoimmunity.

SUMMARY OF THE INVENTION

In one embodiment, the present invention includes com-
positions and methods for activating T and B cell responses
by targeting antigens to antigen presenting cells along with
the proper activation of the APC to activate T cell and B cells
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responses. One embodiment is a vaccine comprising an iso-
lated anti-Langerin antibody or binding fragment thereof and
one or more antigenic peptides at the carboxy-terminus of the
anti-Langerin antibody, wherein when two or more antigens
are present, they are separated by one or more linker peptides
that comprise at least one glycosylation site. In one aspect, the
antibody binding fragment is selected from an Fv, Fab, Fab',
F(ab")2, Fc, or a ScFv fragment. In another aspect, the anti-
body comprises one or more complementarity determining
regions selected from:

(SEQ ID NO.: 45)
ASISCRSSQSLVHSNGNTYLHWYLQKPGQSPKLLIYKVSNRFSGVPDRFSG

SGSGTNFTLKISRVEAEDLGLYFCS;

(SEQ ID NO.: 46)
SVKMSCKASGYTFTDYVISWVKQRTGQGLEWIGDIYPGSGYSFYNENFKGK

ATLTADKSSTTAYMQLSSLTSEDSAVYFCA;

(SEQ ID NO.: 47)
VTLTCRSSTGAVTTSNYANWVQEKPDHLFTGLIGGTNNRVSGVPARFSGSL

IGDKAALTITGAQTEDEAIYFCA;

(SEQ ID NO.: 48)
SLKLSCAASGLTFNIYAMNWVRQAPGKGLEWVARIRNKSNNYATYYADSVK

DRFTISRDDSQSLLYLOMNNLKTEDTAMYYC;

or a direct equivalent thereof. In another aspect, the antigenic
peptide is a cancer antigen selected from:

(SEQ ID NO.: 9)
MWVPVVFLTLSVTWIGAAPLILSRIVGGWECEKHSQPWQVLVASRGRAVCG

GVLVHPQWYV ;

(SEQ ID NO.: 10)
LTAAHCIRNKSVILLGRHSLFHPEDTGQVFQVSHSFPHPLYDMSLLKNRFL

RPGDDSSHD;

(SEQ ID NO.: 11)
LMLLRLSEPAELTDAVKVMDLPTQEPALGTTCYASGWGS IEPEEFLTPKKL

QCVDLHVIS;

(SEQ ID NO.: 12)
NDVCAQVHPQKVTKFMLCAGRWTGGKSTCSGDSGGPLVCNGVLQGITSWGS

EPCALPERP;

(SEQ ID NO.: 13)
SLYTKVVHYRKWIKDTIVANP;

(SEQ ID NO.: 14)
IMDQVPFSV;

(SEQ ID NO.: 15)
ITDQVPFSV;

(SEQ ID NO.: 16)
YLEPGPVTV;

(SEQ ID NO.: 17)
YLEPGPVTA;

(SEQ ID NO.: 18)
KTWGQYWQV ;

(SEQ ID NO.: 19)

APLILSRIVGGWECEKHSQPWQVLVASRGRAVCGGVLVHPQWVLTAAHCIR

NKSVILLGRHSLFHPED TGQVFQVSHSFPHPLYDMSLLKNRFLRPGDDSSH



US 9,315,580 B2

3

-continued
DLMLLRLS EPAELTDAVKVMDLPTQEPALGTTCYASGWGS IEPEEFLTPKK
LQCVDLHVISNDVCAQVHPQKVTKEMLCAGRWTGGKS TCSGDSGGPLVCNG
VLQGITSWGSEPCALPERPSLYTKVVHYRKWIKDTIVANP;

(SEQ ID NO.: 20)
DTTEPATPTTPVTTPTTTKVPRNQDWLGVSRQLR TKAWNRQLYPEWTEAQR

LDCWRGGQVSLKVSNDGPTLIGANASFSIALNFPGSQKVLPDGQVIWVNNT
I INGSQVWGGQPVYPQETDDACI FPDGGPCPSGSWSQKRSFVYVWKTWGQY
WQVLGGPVSGLS IGTGRAMLGTHTMEV TVYHRRGSQSYVPLAHSS SAFTIT
DQVPFSVSVSQLRALDGGNKHFLRNQ;

(SEQ ID NO.: 21)
PLTFALQLHDPSGYLAEADLSYTWDFGDSSGTLISRAXVVTHTYLEPGPVT

AQVVLQAAIPLTSCGSSPVPAS;

(SEQ ID NO.: 22)
GTTDGHRPTAEAPNTTAGQVPTTEVVGTTPGQAPTAEPSGTTSVQVPTTEV

ISTAPVOMPTAESTGMTPEKVPVSEVMGTTLAEMSTPEATGMTPAEVSIVV
LSGTTAA;

(SEQ ID NO.: 23)
QVTTTEWVETTARELPIPEPEGPDASSIMSTESI TGSLGPLLDGTATLRLV

KRQVPLDCVLYRYGSFSVTLDIVQ;

(SEQ ID NO.: 24)
GIESAEILQAVPSGEGDAFELTVSCQGGLPKEACMEISSPGCQPPAQRLCQ

PVLPSPACQLVLHQILKGGSGTYCLNVSLADTNS LAVVSTQLIVPGILLTG
QEAGLGQ;

(SEQ ID NO.: 25)
MEMKILRALNFGLGRPLPLHFLRRASKIGEVDVEQHTLAKYLMELTMLDY ;

(SEQ ID NO.: 26)
DWLVQVQMKFRLLQETMYMTVSIIDRFMONNCVPKK ;

(SEQ ID NO. 27)
MEHQLLCCEVETIRRAYPDANLLNDRVLRAMLKAEETCAPSVSYFKCV;

(SEQ ID NO.: 28)

QKEVLPSMRKIVATWMLEVCEEQKCEEEVFPLAMNYLDRFLSLEPVKKSRL
QLLGATCMFVASKMKETIPLTAEKLCIYTDNSIRPEELLQMELL;

(SEQ ID NO.: 29)
LVNKLKWNLAAMTPHDF IEHFLSKMPEAEENKQI IRKHAQTFVALCATDVK

FISNPPSMV;
or

(SEQ ID NO.: 30)
AAGSVVAAVQGLNLRSPNNFLSYYRLTRFLSRVIKCDPDCLRACQEQIEAL

LESSLRQAQONMDPKAAEEEEEEEEEVDLACTPTDVRDVDI,

or binding fragments thereof. In another aspect, the antigenic
peptide is a viral antigen selected from:

(SEQ ID NO.: 31)
VGFPVTPQVPLRPMTYKAAVDLSHFLKEKGGL ;

(SEQ ID NO.: 32)
HTQGYFPDWQONYTPGPGVRYPLTFGWLYKL ;

(SEQ ID NO.: 33)

EKIRLRPGGKKKYKLKHIV ;
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-continued
(SEQ ID NO.: 34)
NPPIPVGEIYKRWIILGLNKIVRMYSPTSILD;
(SEQ ID NO.: 35)
ATFQSSMTKILEPFRKQNPDIVIYQYMDDLY ;
(SEQ ID NO.: 36)

DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCRLKGIAPLQ
LGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELR
EQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEK
EGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQONLYQNENAYVSVVTSN
YNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAPMYAFA
LSRGFGSGIITSNASMHECNTKCQTPLGAINSSLPYQNIHPVTIGECPKYV
RSAKLRMV ;

(SEQ ID NO.: 37)
DQICIGYHANNSTEQVDTIMEKNVTVTHAQDILEKKHNGKLCDLDGVKPLI

LRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELK
HLLSRINHFEKIQIIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIKK
NSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTST
LNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEYAYK
IVKKGDSTIMKSELEYGNCNTKCQTPMGAINS SMPFHNIHPLTIGECPKYV
KSNRLVLA;
or

(SEQ ID NO.: 38)
PIVONIQGOMVHQAI SPRTLNAWVKVVEEKAFSPEVIPMFSALSEGATPQD
LNTMLNTVGGHQAAMOMLKET INEEAAEWDRVHPVHAGP IAPGQMREPRGS
DIAGTTSTLQEQIGWMTNNPPIPVGEIYKRWIILGLNKIVRMYSPTSILDI
RQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNANPDCKTILKA

LGPAATLEEMMTACQGVGGPGHKARVL .

In another aspect, when two or more antigens are present, the
antigens are separated by one or more peptide linkers are
selected from:

(SEQ ID NO.: 39)
SSVSPTTSVHPTPTSVPPTPTKSSP;

(SEQ ID NO.: 40)
PTSTPADSSTITPTATPTATPTIKG;

(SEQ ID NO.: 41)
TVTPTATATPSAIVTTITPTATTKP;
or

(SEQ ID NO.: 42)

TNGSITVAATAPTVTPTVNATPSAA.

In another aspect, the anti-Langerin antibody is selected from
the following pairs of amino acid sequences SEQ ID NOS.: 2
and 4; 6 and 7; 52 and 54; 56 and 58; and 78 and 80 or binding
fragments thereof. In another aspect, the anti-Langerin anti-
body is the expression product of the following pairs of
nucleic acid sequences SEQ IDNOS.: 1 and3; 5 and 6; 51 and
53; 55 and 57; and 77 and 79. In another aspect, the anti-
Langerin antibody or binding fragment thereof is at least one
of 15B10 having ATCC Accession No. PTA-9852, 2G3 hav-
ing ATCC Accession No. PTA-9853,91E7,37C1, or 4C7 and
humanized derivatives thereof. In another aspect, the anti-
Langerin antibody or binding fragment thereof and the anti-
genic peptide are a fusion protein.
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Another embodiment of the present invention includes an
isolated nucleic acid vector that expresses an anti-Langerin
antibody or binding fragment thereof and two or more anti-
genic peptides at the carboxy-terminus of the light chain, the
heavy chain or both the light and heavy chains of the anti-
Langerin antibody, wherein when two or more antigenic pep-
tides are present, the antigenic peptides are separated by the
one or more peptide linkers that comprise at least one glyco-
sylation site. In one aspect, the antigenic peptides are cancer
peptides selected from tumor associated antigens selected
from CEA, prostate specific antigen (PSA), HER-2/neu,
BAGE, GAGE, MAGE 1-4, 6 and 12, MUC (Mucin) (e.g.,
MUC-1, MUC-2, etc.), GM2 and GD2 gangliosides, ras,
myc, tyrosinase, MART (melanoma antigen), MARCO-
MART, cyclin B1, cyclin D, Pmel 17(gp100), GnT-V intron V
sequence (N-acetylglucoaminyltransferase V intron V
sequence), Prostate Ca psm, prostate serum antigen (PSA),
PRAME (melanoma antigen), f-catenin, MUM-1-B (mela-
noma ubiquitous mutated gene product), GAGE (melanoma
antigen) 1, BAGE (melanoma antigen) 2-10, c-ERB2 (Her2/
neu), EBNA (Epstein-Barr Virus nuclear antigen) 1-6, gp75,
human papilloma virus (HPV) E6 and E7, p53, lung resis-
tance protein (LRP), Bcl-2, and Ki-67. In another aspect, the
antigenic peptides are cancer peptides are selected from
tumor associated antigens comprising antigens from leuke-
mias and lymphomas, neurological tumors such as astrocy-
tomas or glioblastomas, melanoma, breast cancer, lung can-
cer, head and neck cancer, gastrointestinal tumors, gastric
cancer, colon cancer, liver cancer, pancreatic cancer, geni-
tourinary tumors such cervix, uterus, ovarian cancer, vaginal
cancer, testicular cancer, prostate cancer or penile cancer,
bone tumors, vascular tumors, or cancers of the lip, nasophar-
ynx, pharynx and oral cavity, esophagus, rectum, gall bladder,
biliary tree, larynx, lung and bronchus, bladder, kidney, brain
and other parts of the nervous system, thyroid, Hodgkin’s
disease, non-Hodgkin’s lymphoma, multiple myeloma and
leukemia. In another aspect, the antigenic peptides are
selected from Influenza A Hemagglutinin HA-1 froma HIN1
Flu strain, HLA-A201-FIuMP (58-66) peptide (GILGFVFTL
(SEQ ID NO. 43)) tetramer, Avian Flu (HAS5-1), dockerin
domain from C. thermocellum (doc), HIV gag p24 (gag),or a
string of HIV peptides (LipoS), PSA (KLQCVDLHYV (SEQ
ID NO. 44))-tetramer, or an HIVgag-derived p24-PLA. In
another aspect, the anti-Langerin antibody is selected from
the following pairs of amino acid sequences SEQ ID NOS.: 2
and 4; 6 and 8; 52 and 54; 56 and 58; and 78 and 80 or binding
fragments thereof. In another aspect, the anti-Langerin anti-
body is the expression product of the following pairs of
nucleic acid sequences SEQ IDNOS.: 1 and 3; Sand 7; 51 and
53; 55 and 57; and 77 and 79. In another aspect, the anti-
Langerin antibody or binding fragment thereofis at least one
of 15B10 having ATCC Accession No. PTA-9852, 2G3 hav-
ing ATCC Accession No. PTA-9853,91E7,37C1, or 4C7 and
humanized derivatives thereof. In another aspect, the anti-
Langerin antibody or binding fragment thereof and the anti-
genic peptide are a fusion protein.

Yet another embodiment of the present invention includes
a method of enhancing T and B cell responses comprising:
immunizing a subject in need of vaccination with an effective
amount of a vaccine comprising an isolated fusion protein
comprising an anti-Langerin antibody or binding portion
thereof and one or more antigenic peptides linked to the
carboxy-terminus of the anti-Langerin antibody. In one
aspect, the antigenic peptides are cancer peptides selected
from tumor associated antigens selected from CEA, prostate
specific antigen (PSA), HER-2/neu, BAGE, GAGE, MAGE
1-4, 6 and 12, MUC (Mucin) (e.g., MUC-1, MUC-2, etc.),
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GM2 and GD2 gangliosides, ras, myc, tyrosinase, MART
(melanoma antigen), MARCO-MART, cyclin B1, cyclin D,
Pmel 17(gp100), GnT-V intron V sequence (N-acetylglu-
coaminyltransferase V intron V sequence), Prostate Ca psm,
prostate serum antigen (PSA), PRAME (melanoma antigen),
p-catenin, MUM-1-B (melanoma ubiquitous mutated gene
product), GAGE (melanoma antigen) 1, BAGE (melanoma
antigen) 2-10, c-ERB2 (Her2/neu), EBNA (Epstein-Ban
Virus nuclear antigen) 1-6, gp75, human papilloma virus
(HPV) E6 and E7, p53, lung resistance protein (LRP), Bel-2,
and Ki-67. In another aspect, the antigenic peptides are can-
cer peptides selected from tumor associated antigens com-
prising antigens from leukemias, lymphomas, neurological
tumors such as astrocytomas or glioblastomas, melanoma,
breast cancer, lung cancer, head and neck cancer, gastrointes-
tinal tumors, gastric cancer, colon cancer, liver cancer, pan-
creatic cancer, genitourinary tumors such cervix, uterus, ova-
rian cancer, vaginal cancer, testicular cancer, prostate cancer
or penile cancer, bone tumors, vascular tumors, or cancers of
the lip, nasopharynx, pharynx and oral cavity, esophagus,
rectum, gall bladder, biliary tree, larynx, lung and bronchus,
bladder, kidney, brain and other parts of the nervous system,
thyroid, Hodgkin’s disease, non-Hodgkin’s lymphoma, mul-
tiple myeloma and leukemia. In another aspect, the antigenic
peptides are selected from Influenza A Hemagglutinin HA-1
from a HIN1 Flu strain, HLA-A201-FIuMP (58-66) peptide
(GILGFVFTL (SEQ ID NO. 43)) tetramer, Avian Flu (HAS-
1), Influenza A Hemagglutinin HA-1 from a HIN1 Flu strain
(HA1-1), dockerin domain from C. thermocellum (doc), HIV
gag p24 (gag), or a string of HIV peptides (Hipo5), PSA
(KLQCVDLHYV (SEQ ID NO. 44))-tetramer, or an HIVgag-
derived p24-PLA.

Yet another embodiment is a method of making an anti-
Langerin-antigen fusion protein comprising: expressing an
isolated fusion protein comprising an anti-Langerin antibody
or binding fragment thereof in a host cell, the fusion protein
comprising one or more antigenic peptides at the carboxy-
terminus of the anti-Langerin antibody or binding fragment
thereof, wherein when two or more cancer peptides are
present, the cancer peptides are separated by one or more
linkers, at least one linker comprising a glycosylation site;
and isolating the fusion protein. In one aspect, fusion protein
expressed in the host is further isolated and purified. In
another aspect, the host is a eukaryotic cell. In another aspect,
the antigenic peptides are cancer peptides selected from
tumor associated antigens selected from CEA, prostate spe-
cific antigen (PSA), HER-2/neu, BAGE, GAGE, MAGE 1-4,
6 and 12, MUC-related protein (Mucin) (MUC-1, MUC-2,
etc.), GM2 and GD2 gangliosides, ras, myc, tyrosinase,
MART (melanoma antigen), MARCO-MART, cyclin B1,
cyclin D, Pmel 17 (gpl00), GnT-V intron V sequence
(N-acetylglucoaminyltransferase V intron V sequence), Pros-
tate Ca psm, prostate serum antigen (PSA), PRAME (mela-
noma antigen), f-catenin, MUM-1-B (melanoma ubiquitous
mutated gene product), GAGE (melanoma antigen) 1, BAGE
(melanoma antigen) 2-10, ¢c-ERB2 (Her2/neu), EBNA (Ep-
stein-Barr Virus nuclear antigen) 1-6, gp75, human papilloma
virus (HPV) E6 and E7, p53, lung resistance protein (LRP),
Bcl-2, and Ki-67. In another aspect, the antigenic peptides are
cancer peptides selected from tumor associated antigens
comprising antigens from leukemias and lymphomas, neuro-
logical tumors such as astrocytomas or glioblastomas, mela-
noma, breast cancer, lung cancer, head and neck cancer, gas-
trointestinal tumors, gastric cancer, colon cancer, liver cancer,
pancreatic cancer, genitourinary tumors such cervix, uterus,
ovarian cancer, vaginal cancer, testicular cancer, prostate can-
cer or penile cancer, bone tumors, vascular tumors, or cancers
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of the lip, nasopharynx, pharynx and oral cavity, esophagus,
rectum, gall bladder, biliary tree, larynx, lung and bronchus,
bladder, kidney, brain and other parts of the nervous system,
thyroid, Hodgkin’s disease, non-Hodgkin’s lymphoma, mul-
tiple myeloma and leukemia. In another aspect, the cancer
peptides are selected from at least one of:

(SEQ ID NO.: 9)
MWVPVVFLTLSVTWIGAAPLILSRIVGGWECEKHSQPWQVLVASRGRAVCG

GVLVHPQWV ;

(SEQ ID NO.: 10)
LTAAHCIRNKSVILLGRHSLFHPEDTGQVFQVSHSFPHPLYDMSLLKNRFL

RPGDDSSHD;

(SEQ ID NO.: 11)
LMLLRLSEPAELTDAVKVMDLPTQEPALGTTCYASGWGSIEPEEFLTPKKL

QCVDLHVIS;

(SEQ ID NO.: 12)
NDVCAQVHPQKVTKFMLCAGRWTGGKS TCSGDSGGPLVCNGVLQGITSWGS

EPCALPERP;

(SEQ ID NO.: 13)
SLYTKVVHYRKWIKDTIVANP;

(SEQ ID NO.: 14)
IMDQVPFSV;

(SEQ ID NO.: 15)
ITDQVPFSV;

(SEQ ID NO.: 16)
YLEPGPVTV;

(SEQ ID NO.: 17)
YLEPGPVTA;

(SEQ ID NO.: 18)
KTWGQYWQV ;

(SEQ ID NO.: 19)

APLILSRIVGGWECEKHSQPWQVLVASRGRAVCGGVLVHPOWVLTAAHCIR
NKSVILLGRHSLFHPED TGQVFQVSHSFPHPLYDMSLLKNRFLRPGDDSSH
DLMLLRLSEPAELTDAVKVMDLPTQEPALGTTCYASGWGSIEPEEFLTPKK
LQCVDLHVISNDVCAQVHPQKVTKFMLCAGRWTGGKSTCSGDSGGPLVCNG
VLQGITSWGSEPCALPERPSLYTKVVHYRKWIKDTIVANP ;

(SEQ ID NO.: 20)
DTTEPATPTTPVTTPTTTKVPRNQDWLGVSRQLR TKAWNRQLYPEWTEAQR

LDCWRGGQVSLKVSNDGPTLIGANASFSIALNFPGSQKVLPDGQVIWVNNT

I INGSQVWGGQPVYPQETDDACIFPDGGPCPSGSWSQKRSFVYVWKTWGQY

WQVLGGPVSGLS IGTGRAMLGTHTMEVTVYHRRGSQSYVPLAHSSSAFTIT

DQVPFSVSVSQLRALDGGNKHFLRNQ;

(SEQ ID NO.: 21)
PLTFALQLHDPSGYLAEADLSYTWDFGDSSGTLISRAXVVTHTYLEPGPVT

AQVVLQAAIPLTSCGSSPVPAS;

(SEQ ID NO.: 22)
GTTDGHRPTAEAPNTTAGQVPTTEVVGTTPGQAPTAEPSGTTSVQVPTTEV

ISTAPVOMPTAESTGMTPEKVPVSEVMGTTLAEMSTPEATGMTPAEVSIVV

LSGTTAA;
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-continued
(SEQ ID NO.: 23)
QVTTTEWVETTARELPIPEPEGPDASSIMSTESI TGSLGPLLDGTATLRLY
KRQVPLDCVLYRYGSFSVTLDIVQ;

(SEQ ID NO.: 24)
GIESAEILQAVPSGEGDAFELTVSCQGGLPKEACMEISSPGCQPPAQRLCQ

PVLPSPACQLVLHQI LKGGSGTYCLNVSLADTNS LAVVS TQLIVPGILLTG
QEAGLGQ;

(SEQ ID NO.: 25)
MEMKILRALNFGLGRPLPLHFLRRASKIGEVDVEQHTLAKYLMELTMLDY ;

(SEQ ID NO.:
DWLVQVQMKFRLLQETMYMTVSI IDRFMONNCVPKK ;

26)

(SEQ ID NO.:
MEHQLLCCEVETIRRAYPDANLLNDRVLRAMLKAEETCAPSVSYFKCV;

27)

(SEQ ID NO.: 28)
QKEVLPSMRKIVATWMLEVCEEQKCEEEVFPLAMNYLDRFLSLEPVKKSRL

QLLGATCMFVASKMKETIPLTAEKLCIYTDNSIRPEELLQMELL;

(SEQ ID NO.: 29)
LVNKLKWNLAAMTPHDF IEHFLSKMPEAEENKQI IRKHAQTFVALCATDVK

FISNPPSMV;
or

(SEQ ID NO.: 30)
AAGSVVAAVQGLNLRSPNNFLSYYRLTRFLSRVIKCDPDCLRACQEQIEAL

LESSLRQAQONMDPKAAEEEEEEEEEVDLACTPTDVRDVDI,

or immunogenic fragments thereof.

In another embodiment, the invention includes a method of
expanding antigen-specific T cells or B cells in vitro compris-
ing: isolating peripheral blood mononuclear cells (PBMCs)
from a cancer patient; incubating the isolated PBMCs with an
immunogenic amount of an isolated anti-Langerin-(PL-Ag)x
or anti-Langerin-(Ag-PL)x vaccine, wherein Ag is a tumor
associated antigen and X is an integer 1 to 20; expanding the
PBMCs in the presence of an effective amount of 11.-2; har-
vesting the cells; and assessing the cytokine production by the
cells to determine the presence of anti-cancer specific T cells
or B cells.

In yet another embodiment, the invention includes a tumor
associated antigen-specific T cell or B cell made by the
method comprising: isolating peripheral blood mononuclear
cells (PBMCs) from a cancer patient; incubating the isolated
PBMCs with an immunogenic amount of an anti-Langerin-
(PL-Ag)x or anti-Langerin-(Ag-PL)x vaccine, wherein Ag is
atumor associated antigen and x is an integer 1 to 20; expand-
ing the PBMCs in the presence of an effective amount of 11.-2;
harvesting the cells; and assessing the cytokine production by
the cells to determine the presence of tumor associated anti-
gen-specific T cells or B cells.

Another embodiment of the invention includes a therapeu-
tic vaccine comprising an isolated fusion protein comprising
the formula: Ab-(PL-Ag)x; Ab-(Ag-PL)x; Ab-(PL-Ag-PL)x;
Ab-(Ag-PL-Ag)x; Ab-(PL-Ag)x-PL; or Ab-(Ag-PL)x-Ag;
wherein Ab is an anti-Langerin monoclonal antibody or bind-
ing fragment thereof; PL is at least one peptide linker com-
prising at least one glycosylation site; Ag is at least one
infectious disease antigen; and x is an integer from 1 to 20.

Yet another embodiment includes a method of expanding
antigen-specific T cells or B cells in vitro comprising: isolat-
ing peripheral blood mononuclear cells (PBMCs) from a
patient suspected of having an infection; incubating the iso-
lated PBMCs with an immunogenic amount of an isolated
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anti-Langerin-(PL-Ag)x or alangerin-(Ag-PL)x vaccine,
wherein Ag is an antigen of the infectious agent and x is an
integer 1 to 20; expanding the PBMCs in the presence of an
effective amount of one or more cytokines; harvesting the
cells; and assessing the cytokine production by the cells to
determine the presence of anti-infections agent specific T
cells or B cells. Another embodiment is a viral associated
antigen-specific T cell or B cell made by the method com-
prising: isolating peripheral blood mononuclear cells (PB-
MCs) from a patient suspected of having a viral infection;
incubating the isolated PBMCs with an immunogenic amount
of'an isolated anti-Langerin-(PL-Ag)x or anti-Langerin-(Ag-
PL)x vaccine, wherein Ag is a viral associated antigen and x
is an integer 1 to 20; expanding the PBMCs in the presence of
an effective amount of one or more cytokines; harvesting the
cells; and assessing the cytokine production by the cells to
determine the presence of viral associated antigen-specific T
cells or B cells.

Another embodiment is a therapeutic vaccine comprising
an isolated fusion protein comprising the formula: Ab-(PL-
Ag)x; Ab-(Ag-PL)x; Ab-(PL-Ag-PL)x; Ab-(Ag-PL-Ag)x;
Ab-(PL-Ag)x-PL; or Ab-(Ag-PL)x-Ag; wherein Ab is an
anti-Langerin monoclonal antibody or binding fragment
thereof; PL is at least one peptide linker comprising at least
one glycosylation site; Ag is at least one viral antigen; and x
is an integer from 1 to 20. In one example, the isolated
antibody comprising one or more of complementarity deter-
mining regions selected from:

(SEQ ID NO.: 45)
ASISCRSSQSLVHSNGNTYLHWYLQKPGQSPKLLIYKVSNRFSGVPDRFSG

SGSGTNFTLKISRVEAEDLGLYFCS ;

(SEQ ID NO.: 46)
SVKMSCKASGYTFTDYVISWVKQRTGQGLEWIGDIYPGSGYSFYNENFKGK

ATLTADKSSTTAYMQLSSLTSEDSAVYFCA;

(SEQ ID NO.: 47)
VTLTCRSSTGAVTTSNYANWVQEKPDHLFTGLIGGTNNRVSGVPARFSGSL

IGDKAALTITGAQTEDEAIYFCA;

(SEQ ID NO.: 48)
SLKLSCAASGLTFNIYAMNWVRQAPGKGLEWVARIRNKSNNYATYYADSVK

DRFTISRDDSQSLLYLOMNNLKTEDTAMYYC;

or a direct equivalent thereof. In one aspect, the antibody is
humanized. In another aspect, the antibody is 15B10 having
ATCC Accession No. PTA-9852 and humanized derivatives
thereof. In another aspect, the antibody is 2G3 having ATCC
Accession No. PTA-9853, 91E7, 37C1, or 4C7, and human-
ized derivatives thereof.

Yet another embodiment is an isolated nucleic acid that
encodes a 15B10, 2G3, 91E7, 37C1, or 4C7 antibody, anti-
body binding fragment or a humanized derivative thereof. In
one aspect, the anti-Langerin antibody is selected from the
following pairs of amino acid sequences SEQ ID NOS.: 2 and
4; 6 and 7; 52 and 54; 56 and 58; and 78 and 80; or binding
fragments thereof respectively. In another aspect, the anti-
Langerin antibody is the expression product from the follow-
ing pairs of nucleic acid sequences SEQ ID NOS.: 1 and 3; 5
and 6; 51 and 53; 55 and 57; and 77 and 79; or binding
fragments thereof, which are the 15B10, 2G3, 91E7,37C1, or
4C7 antibodies, respectively.

Yet another embodiment of the present invention is a phar-
maceutical composition comprising an isolated anti-Lan-
gerin antibody or binding fragment thereof and one or more
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antigenic peptides attached to the anti-Langerin antibody,
wherein when two or more antigens are present, they are
separated by one or more linker peptides that comprise at least
one glycosylation site. In one aspect, the antibody binding
fragment is selected from an Fv, Fab, Fab', F(ab")2, Fc, or a
ScFv fragment. In another aspect, the anti-Langerin antibody
is selected from the following pairs of amino acid sequences
SEQIDNOS.: 2 and 4; 6 and 7; 52 and 54; 56 and 58; and 78
and 80 or binding fragments thereof. In another aspect, the
anti-Langerin antibody is the expression product of the fol-
lowing pairs of nucleic acid sequences SEQ ID NOS.: 1 and
3; 5 and 6; 51 and 53; 55 and 57; and 77 and 79. In another
aspect, the anti-Langerin antibody or binding fragment
thereof is at least one of 15B10 having ATCC Accession No.
PTA-9852, 2G3 having ATCC Accession No. PTA-9853,
91E7, 37C1, or 4C7 and humanized derivatives thereof. In
another aspect, the anti-Langerin antibody or binding frag-
ment thereof and the antigenic peptide are a fusion protein. In
another aspect, the composition further comprises an adju-
vant. In another aspect, the composition further comprises
one or more pharmaceutical excipients.

Yet another embodiment of the present invention is a thera-
peutic vaccine comprising a fusion protein comprising the
formula: Ab-(PL-Ag)x; Ab-(Ag-PL)x; Ab-(PL-Ag-PL)x;
Ab-(Ag-PL-Ag)x; Ab-(PL-Ag)x-PL; or Ab-(Ag-PL)x-Ag;
wherein Ab is an anti-Langerin monoclonal antibody or bind-
ing fragment thereof; PL is at least one peptide linker com-
prising at least one glycosylation site; Ag is at least one viral
antigen; and x is an integer from 1 to 20.

The invention provides a Langerin binding antibody
(15B10) that comprises at least one immunoglobulin light
chain variable domain (VL) which comprises the amino acid
and nucleic acid sequence encoding:

(SEQ ID NO.: 45)
ASISCRSSQSLVHSNGNTYLHWYLQKPGQSPKLLIYKVSNRFSGVPDRFSG

SGSGTNFTLKISRVEAEDLGLYFCS;

or and direct equivalent thereof.

Accordingly the invention provides a Langerin binding
antibody (15B10) that comprises an antigen binding site com-
prising at least one immunoglobulin heavy chain variable
domain (VH) which comprises the amino acid and nucleic
acid sequence encoding:

(SEQ ID NO.: 46)
SVKMSCKASGYTFTDYVISWVKQRTGQGLEWIGDIYPGSGYSFYNENFKGK

ATLTADKSSTTAYMQLSSLTSEDSAVYFCA;

and direct equivalents thereof.

The invention provides a Langerin binding antibody (2G3)
that comprises at least one immunoglobulin light chain vari-
able domain (VL) which comprises the amino acid and
nucleic acid sequence encoding:

(SEQ ID NO.: 47)
VTLTCRSSTGAVTTSNYANWVQEKPDHLFTGLIGGTNNRVSGVPARFSGSL

IGDKAALTITGAQTEDEAIYFCA;

or and direct equivalent thereof.

Accordingly the invention provides a Langerin binding
antibody (2G3) that comprises an antigen binding site com-
prising at least one immunoglobulin heavy chain variable
domain (VH) which comprises the amino acid and nucleic
acid sequence encoding:
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(SEQ ID NO.: 48)
SLKLSCAASGLTFNIYAMNWVRQAPGKGLEWVARIRNKSNNYATYYADSVK

DRFTISRDDSQSLLYLOMNNLKTEDTAMYYC;

and direct equivalents thereof.

In one aspect the invention provides a single domain Lan-
gerin antibody comprising an isolated immunoglobulin light
chain comprising a heavy chain variable domain (VL) as
defined above. In another aspect the invention provides a
single domain Langrin binding molecule comprising an iso-
lated immunoglobulin heavy chain comprising a heavy chain
variable domain (VH) as defined above.

In another aspect the invention also provides a Langerin
binding antibody comprising a light chain (VL) variable
domains in which the Langerin binding antibody comprises at
least one antigen binding site comprising: an antibody light
chain variable domain (VL) which comprises in sequence
hypervariable regions obtained from the amino acid and
nucleic acid sequences encoding:

(SEQ ID NO.: 45)
ASISCRSSQSLVHSNGNTYLHWYLQKPGQSPKLLIYKVSNRFSGVPDRFSG

SGSGTNFTLKISRVEAEDLGLYFCS ;
or

(SEQ ID NO.: 47)
VTLTCRSSTGAVTTSNYANWVQEKPDHLFTGLIGGTNNRVSGVPARFSGSL

IGDKAALTITGAQTEDEAIYFCA;

and direct equivalents thereof.

In another aspect the invention also provides a Langerin
binding antibody comprising, the amino acid and nucleic acid
sequences of heavy chain variable domain (VH) which com-
prises in sequence hypervariable regions obtained from:

(SEQ ID NO.: 46)
SVKMSCKASGYTFTDYVISWVKQRTGQGLEWIGDIYPGSGYSFYNENFKGK

ATLTADKSSTTAYMQLSSLTSEDSAVYFCA;
or

(SEQ ID NO.: 48)
SLKLSCAASGLTFNIYAMNWVRQAPGKGLEWVARIRNKSNNYATYYADSVK

DRFTISRDDSQSLLYLOMNNLKTEDTAMYYC;

and direct equivalents thereof.

mAnti-Langerin15B10K—Nucleotide and mature protein
amino acid sequence of the light chain of the mouse anti-
Langerin 15B10 antibody ¢cDNA, respectively. The variable
region residues are underlined.

(SEQ ID NO.
ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATGTTCTGGATTCCTGC
TTCCAGCAGTGATGTTGTGATGACCCAAACTCCACTCTCCCTGCCTG
TCCGTCTTGGAGATCAAGCCTCCATCTCTTGCAGATCTAGTCAGAGC
CTTGTACACAGTAATGGAAACACCTATTTACATTGGTACCTGCAGAA
GCCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAACCGAT
TTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAAAT
TTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGATCTGGGACTTTA
TTTCTGCTCTCAAAGTACACATGTTCCGTACACGTTCGGAGGGGGGA
CCAAGCTGGAAATAAAACGGGCTGATGCTGCACCAACTGTATCCATC
TTCCCACCATCCAGTGAGCAGTTAACATCTGGAGGTGCCTCAGTCGT
GTGCTTCTTGAACAACTTCTACCCCAAAGACATCAATGTCAAGTGGA
AGATTGATGGCAGTGAACGACAAAATGGCGTCCTGAACAGTTGGACT
GATCAGGACAGCAAAGACAGCACCTACAGCATGAACAGCACCCTCAC
GTTGACCAAGGACGAGTATGAACGACATAACAGCTATACCTGTGAGG
CCACTCACAAGACATCAACTTCACCCATCGTCAAGAGCTTCAACAGG
AATGAGTGTTAG

49)
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-continued

(SEQ ID NO.
DVVMTQTPLSLPVRLGDQASISCRSSQSLVHSNGNTYLHWYLQOKPGQ
SPKLLIYKVSNRFSGVPDREFSGSGSGTNFTLKISRVEAEDLGLYFCS
QSTHVPYTFGGGTKLEIKRADAAPTVSIFPPSSEQLTSGGASVVCFEFL
NNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMNSTLTLTK
DEYERHNSYTCEATHKTSTSPIVKSFNRNEC

50)

mAnti-Langerin1 SB10H-LV-hIgG4H-C—Nucleotide and
mature protein amino acid sequence of the heavy chain vari-
able region of the mouse anti-Langerin 15B10 antibody fused
to human IgG4, respectively. The variable region residues are
underlined.

(SEQ ID NO.
ATGGAATGGAGGATCTTTCTCTTCATCCTGTCAGGAACTGCAGGTG
TCCACTCCCAGGTTCAGCTGCGGCAGTCTGGACCTGAGCTGGTGAA
GCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATACACA
TTTACTGACTATGTTATAAGT TGGGTGAAGCAGAGAACTGGACAGG
GCCTTGAGTGGATTGGAGATATTTATCCTGGAAGTGGTTATTCTTT
CTACAATGAGAACTTCAAGGGCAAGGCCACACTGACTGCAGACAAA
TCCTCCACCACAGCCTACATGCAGCTCAGCAGCCTGACATCTGAGG
ACTCTGCGGTCTATTTCTGTGCAACCTACTATAACTACCCTTTTGC
TTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCAGCCAAAACA
ACGGGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCT
CCGAGAGCACAGCCGCCCTGGGCTGCCTGGTCAAGGACTACTTCCC
CGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGC
GTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCC
TCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACGAAGAC
CTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGAC
AAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGCCCAG
CACCTGAGTTCGAAGGGGGACCATCAGTCTTCCTGTTCCCCCCAAA
ACCCAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGC
GTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACT
GGTACGTGGATGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCG
GGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTCACC
GTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGG
TCTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAA
AGCCAAAGGGCAGCCCCGAGAGCCACAGGTGTACACCCTGCCCCCA
TCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGG
TCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAA
TGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGAC
TCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAGA
GCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGA
GGCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTG
GGTAAAGCTAGCTGA

51)

(SEQ ID NO.
QVQLRQSGPELVKPGASVKMSCKASGYTFTDYVISWVKQRTGQGLE
WIGDIYPGSGYSFYNENFKGKATLTADKSSTTAYMOLSSLTSEDSA
VYFCATYYNYPFAYWGQGTLVTVSAAKTTGPSVFPLAPCSRSTSES
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSS
VVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPE
FEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKG
FYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRW
QEGNVFSCSVMHEALHNHY TQKSLSLSLGKAS

52)

mAnti-Langerin2G3L—Nucleotide and mature protein
amino acid sequence of the light chain of the mouse anti-
Langerin 2G3 antibody cDNA, respectively. The variable
region residues are underlined.

(SEQ ID NO.
ATGGCCTGGATTTCACTTATACTCTCTCTCCTGGCTCTCAGCTCAG
GGGCCATTTCCCAGGCTGTTGTGACTCAGGAATCTGCACTCACCAC
ATCACCTGGTGAAACAGTCACACTCACTTGTCGCTCAAGTACTGGG
GCTGTTACAACTAGTAACTATGCCAACTGGGTCCAAGAAARACCAG
ATCATTTATTCACTGGTCTAATAGGTGGTACCAACAACCGAGTTTC
AGGTGTTCCTGCCAGATTCTCAGGCTCCCTGATTGGAGACAAGGCT
GCCCTCACCATCACAGGGGCACAGACTGAGGATGAGGCAATATATT
TCTGTGCTCTATGGTACAGCAACCATTGGGTGTTCGGTGGAGGAAC
CAAACTGACTGTCCTAGGCCAGCCCAAGTCTTCGCCATCAGTCACC
CTGTTTCCACCTTCCTCTGAAGAGCTCGAGACTAACAAGGCCACAC
TGGTGTGTACGATCACTGATTTCTACCCAGGTGTGGTGACAGTGGA

53)
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-continued
CTGGAAGGTAGATGGTACCCCTGTCACTCAGGGTATGGAGACAACT
CAGCCTTCCAAACAGAGCAACAACAAGTACATGGCTAGCAGCTACC
TGACCCTGACAGCAAGAGCATGGCARAGGCATAGCAGT TACAGCTG
CCAGGTCACTCATGAAGGTCACACTGTGCAGAAGAGTTTGTCCCGT
GCTGACTGTTCCTAG

(SEQ ID NO.
QAVVTQESALTTSPGETVTLTCRSSTGAVTTSNYANWVQEKPDHLE
TGLIGGTNNRVSGVPARFSGSLIGDKAALTITGAQTEDEAIYFCAL
WYSNHWVFGGGTKLTVLGQPKSSPSVTLFPPSSEELETNKATLVCT
ITDFYPGVVTVDWKVDGTPVTQGMETTQPSKQSNNKYMASSYLTLT
ARAWERHSSYSCQVTHEGHTVEKSLSRADCS

54)

mAnti-Langerin2G3H—Nucleotide and mature protein
amino acid sequence of the heavy chain of the mouse anti-
Langerin 2G3 antibody cDNA, respectively. The variable
region residues are underlined.

(SEQ ID NO.
ATGACATTGAACATGCTGTTGGGGCTGAAGTGGGTTTTCTTTGTTGT
TTTTTATCAAGGTGTGCATTGTGAGGTGCAGCTTGTTGAGTCTGGTG
GAGGATTGGTGCAGCCTAAAGGGTCATTGAAACTCTCATGTGCAGCC
TCTGGATTAACCTTCAATATCTACGCCATGAACTGGGTCCGCCAGGC
TCCAGGAAAGGGTTTGGAATGGGTTGCTCGCATAAGAAATAAAAGTA
ATAATTATGCAACATATTATGCCGATTCAGTGAAAGACAGGTTCACC
ATCTCCAGAGATGATTCACAAAGCTTGCTCTATCTGCAAATGAACAA
CTTGAAAACTGAGGACACAGCCATGTATTACTGTGTGGGACGGGACT
GGTTTGATTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCAGCC
AAAACGACACCCCCATCTGTCTATCCACTGGCCCCTGGATCTGCTGC
CCAAACTAACTCCATGGTGACCCTGGGATGCCTGGTCAAGGGCTATT
TCCCTGAGCCAGTGACAGTGACCTGGAACTCTGGATCCCTGTCCAGC
GGTGTGCACACCTTCCCAGCTGTCCTGCAGTCTGACCTCTACACTCT
GAGCAGCTCAGTGACTGTCCCCTCCAGCACCTGGCCCAGCGAGACCG
TCACCTGCAACGTTGCCCACCCGGCCAGCAGCACCAAGGTGGACAAG
AAAATTGTGCCCAGGGATTGTGGTTGTAAGCCTTGCATATGTACAGT
CCCAGAAGTATCATCTGTCTTCATCTTCCCCCCAAAGCCCAAGGATG
TGCTCACCATTACTCTGACTCCTAAGGTCACGTGTGTTGTGGTAGAC
ATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGATGA
TGTGGAGGTGCACACAGCTCAGACGCAACCCCGGGAGGAGCAGTTCA
ACAGCACTTTCCGCTCAGTCAGTGAACTTCCCATCATGCACCAGGAC
TGGCTCAATGGCAAGGAGTTCAAATGCAGGGTCAACAGTGCAGCTTT
CCCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGCAGACCGA
AGGCTCCACAGGTGTACACCATTCCACCTCCCAAGGAGCAGATGGCC
AAGGATAAAGTCAGTCTGACCTGCATGATAACAGACTTCTTCCCTGA
AGACATTACTGTGGAGTGGCAGTGGAATGGGCAGCCAGCGGAGAACT
ACAAGAACACTCAGCCCATCATGGACACAGATGGCTCTTACTTCGTC
TACAGCAAGCTCAATGTGCAGAAGAGCAACTGGGAGGCAGGAAATAC
TTTCACCTGCTCTGTGTTACATGAGGGCCTGCACAACCACCATACTG
AGAAGAGCCTCTCCCACTCTCCTGGTAAAGCTAGCTGA

55)

(SEQ ID NO.
EVQLVESGGGLVQPKGSLKLSCAASGLTFNIYAMNWVRQAPGKGLEW
VARIRNKSNNYATYYADSVKDREFTISRDDSQSLLYLOMNNLKTEDTA
MYYCVGRDWFDYWGQGTLVTVSAAKTTPPSVYPLAPGSAAQTNSMVT
LGCLVKGYFPEPVTVTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVP
SSTWPSETVTCNVAHPASSTKVDKKIVPRDCGCKPCICTVPEVSSVF
IFPPKPKDVLTITLTPKVTCVVVDISKDDPEVQFSWFVDDVEVHTAQ
TQPREEQFNSTFRSVSELPIMHQDWLNGKEFKCRVNSAAFPAPIEKT
ISKTKGRPKAPQVYTIPPPKEQMAKDKVSLTCMITDFFPEDITVEWQ
WNGQPAENYKNTQPIMDTDGSYFVYSKLNVQKSNWEAGNTFTCSVLH
EGLHNHHTEKSLSHSPGKAS

56)

In another embodiment the invention includes an antibody
comprising one or more of the complementarity determining
regions selected from: ASISCRSSQSLVHSNGNTYLHW-
YLQKPGQSPKLLIYKVSNRFSGVPDREF-
SGSGSGTNFTLKISRVEAEDLGLYFCS (SEQ ID NO.:
45), SVKMSCKASGYTFTDYVISWVKQRTGQ-
GLEWIGDIYPGSGYSFYNENFKGKATL-
TADKSSTTAYMQLSSLTSEDSAVYFCA (SEQ ID NO.:
46); VTLTCRSSTGAVTTSNYANWVQEKP-
DHLFTGLIGGTNNRVSGVPARFSGS-
LIGDKAALTITGAQTEDEAIYFCA (SEQ ID NO.: 47);
SLKLSCAASGLTFNIYAMNWVRQAPGK-
GLEWVARIRNKSNNYATYYADSVKDRFT-
ISRDDSQSLLYLQMNNLKTEDTAMYYC (SEQ ID NO.:
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4R); or a direct equivalent thereof. In one aspect, the antibody
is humanized. In another aspect, the antibody is 15B10, 2G3
or humanized derivatives thereof. In another aspect, the
invention includes nucleic acids that encode the 15B10, the
2@G3 antibody or humanized derivatives thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the features and
advantages of the present invention, reference is now made to
the detailed description of the invention along with the
accompanying figures and in which:

FIG. 1 shows that two main DC differentiation pathways
exist. A myeloid pathway generates two subsets: Langerhans
cells (L.Cs) found in stratified epithelia such as the skin, and
interstitial DCs (intDCs) found in all other tissues.

FIG. 2 shows that recombinant anti-L.angerin antibodies
fused to antigens retain their ability to bind to cell surface
Langerin.

FIG. 3(A-B) is a demonstration of the ability of recombi-
nant anti-Langerin antibody fused to the human prostate spe-
cific cancer antigen to elicit the expansion of antigen-specific
CD4+ T cells from a health donor.

FIG. 4 is a demonstration of the ability of recombinant
anti-Langerin antibody fused to the human prostate specific
cancer antigen to elicit the expansion of antigen-specific
CD8+ T cells from a prostate cancer patient.

FIG. 5 (A-C) shows that anti-Langerin preferentially tar-
gets epidermal L.Cs.

FIG. 6 (A-C) shows the differential expression of Langerin
by human skin DCs.

FIG. 7 shows that the anti-Langerin antibody (15B10) spe-
cifically stains human Langerhans cells.

FIG. 8 shows the binding results of the anti-Langerin anti-
bodies against a non-human primate target.

FIG. 9 shows the ability of recombinant anti-Langerin
15B10 antibody fused to Influenza A Hemagglutinin HA-1
from a HIN1 Flu strain to evoke potent antigen-specific anti-
body production in NHP.

FIG. 10 shows that recombinant fusion proteins of anti-
human DC receptors and antigens induce antigen-specific
immune responses in NHP.

FIG. 11 shows that the Anti-Langerin G3 antibody specifi-
cally stains NHP Langerhans cells.

FIG. 12 shows the antibody titers for anti-HIV-gag anti-
bodies in NHP vaccination with a gag-microparticle, an anti-
hIGG4-gag antibody, an anti-DCIR-gag vaccine and an anti-
Langerin-gag-p24 vaccine, all with or without poly [:C as an
adjuvant.

FIG. 13 shows FACS analysis on Langerin clones: 293F
cells were transiently transfected with vectors directing the
expression of full-length (cell surface) Langerin from human,
Rhesus macaque, and mouse.

FIG. 14 show the results of ELISA binding analysis in two
formats—direct (antigen bound to plate directly and bound
antibody detected with an anti-mouse IgG-HRP conjugate)
and capture (antibody bound to plate.

DETAILED DESCRIPTION OF THE INVENTION

While the making and using of various embodiments ofthe
present invention are discussed in detail below, it should be
appreciated that the present invention provides many appli-
cable inventive concepts that can be embodied in a wide
variety of specific contexts. The specific embodiments dis-
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cussed herein are merely illustrative of specific ways to make
and use the invention and do not delimit the scope of the
invention.

To facilitate the understanding of this invention, a number
of terms are defined below. Terms defined herein have mean-
ings as commonly understood by a person of ordinary skill in
the areas relevant to the present invention. Terms such as “a”,
“an” and “the” are not intended to refer to only a singular
entity, but include the general class of which a specific
example may be used for illustration. The terminology herein
is used to describe specific embodiments of the invention, but
their usage does not delimit the invention, except as outlined
in the claims.

Subsets of Dendritic Cells (DCs). The present inventors
have discovered that two main DC differentiation pathways
exist. A myeloid pathway generates two subsets: Langerhans
cells (LCs) found in stratified epithelia such as the skin, and
interstitial DCs (intDCs) found in all other tissues. A plasma-
cytoid pathway generates plasmacytoid DCs (pDCs), which
secrete large amounts of IFNaf after viral infection® and
efficiently present viral antigens in a novel mechanism* (FIG.
1). DCs and their precursors show remarkable functional
plasticity. For example, pDCs form a first barrier to the expan-
sion of intruding viruses, thereby acting, through the release
ofinterferon, as part of the innate immune response”*°. Mono-
cytes can differentiate into either macrophages, which act as
scavengers, or DCs that induce specific immune responses”*.
Different cytokines skew the in vitro differentiation of mono-
cytes into DCs with different phenotypes and functions. Thus,
when activated (e.g., by GM-CSF) monocytes encounter
IL-4, they yield IL-4DCs”"'!. By contrast, after encountering
IFNa, TNFa, or IL-15, activated monocytes will differentiate
into IFNDCs'215, TNFDCs®, or IL-15DCs'®. Each of these
DC subsets has common as well as unique biological func-
tions, determined by a unique combination of cell-surface
molecules and cytokines. For example, whereas IL-4DCs are
a homologous population of immature cells devoid of L.Cs,
large portions of IFNDCs express CD1a and Langerin®.

The invention includes also variants and other modification
of an antibody (or “Ab”) of fragments thereof, e.g., anti-
Langerin fusion protein (antibody is used interchangeably
with the term “immunoglobulin”). As used herein, the term
“antibodies or binding fragments thereof,” includes whole
antibodies or binding fragments of an antibody, e.g., Fv, Fab,
Fab', F(ab'),, Fc, and single chain Fv fragments (ScFv) or any
biologically effective fragments of an immunoglobulins that
binds specifically to, e.g., Langerin. Antibodies from human
origin or humanized antibodies have lowered or no immuno-
genicity in humans and have a lower number or no immuno-
genic epitopes compared to non-human antibodies. Antibod-
ies and their fragments will generally be selected to have a
reduced level or no antigenicity in humans.

As used herein, the terms “Ag” or “antigen” refer to a
substance capable of either binding to an antigen binding
region of an immunoglobulin molecule or of eliciting an
immune response, e.g., a T cell-mediated immune response
by the presentation of the antigen on Major Histocompatibil-
ity Antigen (MHC) cellular proteins. As used herein, “anti-
gen” includes, but is not limited to, antigenic determinants,
haptens, and immunogens, which may be peptides, small
molecules, carbohydrates, lipids, nucleic acids or combina-
tions thereof. The skilled immunologist will recognize that
when discussing antigens that are processed for presentation
to T cells, the term “antigen” refers to those portions of the
antigen (e.g., a peptide fragment) that is a T cell epitope
presented by MHC to the T cell receptor. When used in the
context of a B cell mediated immune response in the form of
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an antibody that is specific for an “antigen”, the portion of the
antigen that binds to the complementarity determining
regions of the variable domains of the antibody (light and
heavy) the bound portion may be a linear or three-dimen-
sional epitope. In the context of the present invention, the
term antigen is used on both contexts, that is, the antibody is
specific for a protein antigen (Langerin), but also carries one
or more peptide epitopes for presentation by MHC to T cells.
In certain cases, the antigens delivered by the vaccine or
fusion protein of the present invention are internalized and
processed by antigen presenting cells prior to presentation,
e.g., by cleavage of one or more portions of the antibody or
fusion protein.

As used herein, the term “antigenic peptide” refers to that
portion of a polypeptide antigen that is specifically recog-
nized by either B-cells or T-cells. B-cells respond to foreign
antigenic determinants via antibody production, whereas
T-lymphocytes are the mediate cellular immunity. Thus, anti-
genic peptides are those parts of an antigen that are recog-
nized by antibodies, or in the context of an MHC, by T-cell
receptors.

As used herein, the term “epitope” refers to any protein
determinant capable of specific binding to an immunoglobu-
lin or of being presented by a Major Histocompatibility Com-
plex (MHC) protein (e.g., Class 1 or Class 1) to a T-cell
receptor. Epitopic determinants are generally short peptides
5-30 amino acids long that fit within the groove of the MHC
molecule that presents certain amino acid side groups toward
the T cell receptor and has certain other residues in the
groove, e.g., due to specific charge characteristics of the
groove, the peptide side groups and the T cell receptor. Gen-
erally, an antibody specifically binds to an antigen when the
dissociation constant is 1 mM, 100 nM or even 10 nM.

As used herein, the term “vector” is used in two different
contexts. When using the term “vector” with reference to a
vaccine, a vector is used to describe a non-antigenic portion
that is used to direct or deliver the antigenic portion of the
vaccine. For example, an antibody or binding fragments
thereof may be bound to or form a fusion protein with the
antigen that elicits the immune response. For cellular vac-
cines, the vector for delivery and/or presentation of the anti-
gen is the antigen presenting cell, which is delivered by the
cell that is loaded with antigen. In certain cases, the cellular
vector itself may also process and present the antigen(s) to T
cells and activate an antigen-specific immune response.
When used in the context of nucleic acids, a “vector” refers a
construct that is capable of delivering, and preferably
expressing, one or more genes or polynucleotide sequences of
interest in a host cell. Examples of vectors include, but are not
limited to, viral vectors, naked DNA or RNA expression
vectors, DNA or RNA expression vectors associated with
cationic condensing agents, DNA or RNA expression vectors
encapsulated in liposomes, and certain eukaryotic cells, such
as producer cells.

The compositions and methods of the present invention can
be used with a wide variety of peptides and/or protein in
which the antibody or binding fragment thereof and the pep-
tide linker or “PL” create a protein that is stable and/or
soluble.

As used herein, the compositions and methods use an anti-
Langerin antigen delivery vector comprising the formula:

Ab-(PL-Ag)x or Ab-(Ag-PL)x;

wherein Ab is an anti-Langerin antibody or binding fragment
thereof;

PL is at least one Peptide Linker comprising at least one
glycosylation site;

Ag is at least one antigen; and

X is an integer from 1 to 20.
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As used herein, the terms “stable” and “unstable” when
referring to proteins is used to describe a peptide or protein
that maintains its three-dimensional structure and/or activity
(stable) or that loses immediately or over time its three-
dimensional structure and/or activity (unstable). As used
herein, the term “insoluble” refers to those proteins that when
produced in a cell (e.g., a recombinant protein expressed in a
eukaryotic or prokaryotic cell or in vitro) are not soluble in
solution absent the use of denaturing conditions or agents
(e.g., heat or chemical denaturants, respectively). The anti-
body or binding fragment thereof and the linkers taught
herein have been found to convert antibody fusion proteins
with the peptides from insoluble and/or unstable into proteins
that are stable and/or soluble. Another example of stability
versus instability is when the domain of the protein with a
stable conformation has a higher melting temperature (T,,)
than the unstable domain of the protein when measured in the
same solution. A domain is stable compared to another
domain when the difference in the T, is at least about 2° C.,
more preferably about 4° C., still more preferably about 7° C.,
yet more preferably about 10° C., even more preferably about
15° C., still more preferably about 20° C., even still more
preferably about 25° C., and most preferably about 30° C.,
when measured in the same solution.

As used herein, “polynucleotide” or “nucleic acid” refers
to a strand of deoxyribonucleotides or ribonucleotides in
either a single- or a double-stranded form (including known
analogs of natural nucleotides). A double-stranded nucleic
acid sequence will include the complementary sequence. The
polynucleotide sequence may encode variable and/or con-
stant region domains of immunoglobulin that are formed into
a fusion protein with one or more linkers. For use with the
present invention, multiple cloning sites (MCS) may be engi-
neered into the locations at the carboxy-terminal end of the
heavy and/or light chains of the antibodies to allow for in-
frame insertion of peptide for expression between the linkers.
As used herein, the term “isolated polynucleotide” refers to a
polynucleotide of genomic, cDNA, or synthetic origin or
some combination thereof. By virtue of its origin the “isolated
polynucleotide” (1) is not associated with all or a portion of a
polynucleotide in which the “isolated polynucleotides™ are
found in nature, (2) is operably linked to a polynucleotide
which it is not linked to in nature, or (3) does not occur in
nature as part of a larger sequence. The skilled artisan will
recognize that to design and implement a vector having the
formula Ab-(PL-Ag)x or Ab-(Ag-PL)x, can be manipulated
at the nucleic acid level by using techniques known in the art,
such as those taught in Current Protocols in Molecular Biol-
ogy, 2007 by John Wiley and Sons, relevant portions incor-
porated herein by reference. Briefly, the Ab, Ag and PL
encoding nucleic acid sequences can be inserted using poly-
merase chain reaction, enzymatic insertion of oligonucle-
otides or polymerase chain reaction fragments in a vector,
which may be an expression vector. To facilitate the insertion
of (PL-Ag)x or (Ag-PL)x at the carboxy terminus of the
antibody light chain, the heavy chain, or both, a multiple
cloning site (MCS) may be engineered in sequence with the
antibody sequences.

As used herein, the term “polypeptide” refers to a polymer
of amino acids and does not refer to a specific length of the
product; thus, peptides, oligopeptides, and proteins are
included within the definition of polypeptide. This term also
does not refer to or exclude post expression modifications of
the polypeptide, for example, glycosylations, acetylations,
phosphorylations and the like. Included within the definition
are, for example, polypeptides containing one or more ana-
logs of an amino acid (including, for example, unnatural
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amino acids, etc.), polypeptides with substituted linkages, as
well as other modifications known in the art, both naturally
occurring and non-naturally occurring. The term “domain,”
or “polypeptide domain” refers to that sequence ofa polypep-
tide that folds into a single globular region in its native con-
formation, and that may exhibit discrete binding or functional
properties. As used herein, the term “fusion protein” refers to
a hybrid protein expressed by a nucleic acid molecule com-
prising nucleotide sequences of at least two genes into a
protein. For example, a fusion protein can comprise at least
part of anti-Langerin antibody or binding fragment thereof
fused with one or more antigen and/or one or more linkers if
more than one antigen is fused with the antibody or fragment
thereof.

A polypeptide or amino acid sequence “derived from” a
designated nucleic acid sequence refers to a polypeptide hav-
ing an amino acid sequence identical to that of a polypeptide
encoded in the sequence, or a portion thereof wherein the
portion consists of at least 3-5 amino acids, preferably at least
4-7 amino acids, more preferably at least 8-10 amino acids,
and even more preferably at least 11-15 amino acids, or which
is immunologically identifiable with a polypeptide encoded
in the sequence. This terminology also includes a polypeptide
expressed from a designated nucleic acid sequence.

As used herein, “pharmaceutically acceptable carrier”
refers to any material that when combined with an immuno-
globulin (Ig) fusion protein of the present invention allows the
Ig to retain biological activity and is generally non-reactive
with the subject’s immune system. Examples include, but are
not limited to, standard pharmaceutical carriers such as a
phosphate buffered saline solution, water, emulsions such as
an oil/water emulsion, and various types of wetting agents.
Certain diluents may be used with the present invention, e.g.,
for aerosol or parenteral administration, that may be phos-
phate buffered saline or normal (0.85%) saline.

The invention provides a Langerin binding antibody
(15B10) that comprises at least one immunoglobulin light
chain variable domain (VL) which comprises the amino acid
and nucleic acid sequence encoding: ASISCRSSQSLVH-
SNGNTYLHWYLQKPGQSPKLLIYKVSN-
RFSGVPDRFSGSGSGTNFTLKISRVEAEDLGLYFCS
(SEQ ID NO.: 45); or and direct equivalent thereof.

Accordingly the invention provides a Langerin binding
antibody (15B10) that comprises an antigen binding site com-
prising at least one immunoglobulin heavy chain variable
domain (VH) which comprises the amino acid and nucleic
acid  sequence  encoding: SVKMSCKASGYTFT-
DYVISWVKQRTGQGLEWIGDIYPGSGYS-
FYNENFKGKATLTADKSSTTAYMQLSS-
LTSEDSAVYFCA (SEQ ID NO.: 46); and direct equivalents
thereof.

The invention provides a Langerin binding antibody (2G3)
that comprises at least one immunoglobulin light chain vari-
able domain (VL) which comprises the amino acid and
nucleic acid sequence encoding: VILTCRSSTGAVTTSN-
YANWVQEKPDHLFTGLIGGTNNRVSGV-
PARFSGSLIGDKAALTITGAQTEDEAIYFCA (SEQ ID
NO.: 47); or and direct equivalent thereof.

Accordingly the invention provides a Langerin binding
antibody (2G3) that comprises an antigen binding site com-
prising at least one immunoglobulin heavy chain variable
domain (VH) which comprises the amino acid and nucleic
acid sequence encoding: SLKLSCAASGLTFNIYAMN-
WVRQAPGKGLEWVARIRNKSNNYATY Y-
ADSVKDRFTISRDDSQSLLYLQMNNLKTEDTAMYYC
(SEQ ID NO.: 48); and direct equivalents thereof.
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In one aspect the invention provides a single domain Lan-
gerin antibody comprising an isolated immunoglobulin light
chain comprising a heavy chain variable domain (VL) as
defined above. In another aspect the invention provides a
single domain Langerin binding molecule comprising an iso-
lated immunoglobulin heavy chain comprising a heavy chain
variable domain (VH) as defined above.

In another aspect the invention also provides a Langerin
binding antibody comprising a light chain (VL) variable
domains in which the Langerin binding antibody comprises at
least one antigen binding site comprising: an antibody light
chain variable domain (VL) which comprises in sequence
hypervariable regions obtained from the amino acid and
nucleic acid sequences encoding: ASISCRSSQSLVHSNGN-
TYLHWYLQKPGQSPKLLIYKVSNRFS-
GVPDRFSGSGSGTNFTLKISRVEAEDLGLYFCS (SEQ
ID NO.: 45); or VILTCRSSTGAVTTSNYANWVQEKP-
DHLFTGLIGGTNNRVSGVPARFSGS-
LIGDKAALTITGAQTEDEAIYFCA (SEQ ID NO.: 47);
and direct equivalents thereof.

In another aspect the invention also provides a Langerin
binding antibody comprising, the amino acid and nucleic acid
sequences of heavy chain variable domain (VH) which com-
prises in sequence hypervariable regions obtained from:
SVKMSCKASGYTFTDYVISWVKQRTGQ-
GLEWIGDIYPGSGYSFYNENFKGKATL-
TADKSSTTAYMQLSSLTSEDSAVYFCA (SEQ ID NO.:
46); or  SLKLSCAASGLTFNIYAMNWVRQAPGK-
GLEWVARIRNKSNNYATYYADSVKDRFT-
ISRDDSQSLLYLQMNNLKTEDTAMYYC (SEQ ID NO.:
48); and direct equivalents thereof.

Unless otherwise indicated, any polypeptide chain is
herein described as having an amino acid sequence starting at
the N-terminal end and ending at the C-terminal end. When
the antigen binding site comprises both the VH and VL
domains, these may be located on the same polypeptide mol-
ecule or, preferably, each domain may be on a different chain,
the VH domain being part of an immunoglobulin heavy chain
or binding fragment thereof and the VL being part of an
immunoglobulin light chain or binding fragment thereof.

As used herein, the term “Langerin binding molecule” or
“Langerin binding antibody” refer to any molecule capable of
binding to the Langerin antigen either alone or associated
with other molecules having one or more the VL. and VH
CDRs taught herein, in some cases 2, 3, 4, 5, or all 6 CDRs.
The binding reaction may be shown by standard methods
(qualitative assays) including, for example, a bioassay for
determining by blocking the binding of other molecules to
Langerin or any kind of binding or activity assays (e.g., acti-
vation, reduction or modulation of an immune response), with
reference to a negative control test in which an antibody of
unrelated specificity but of the same isotype, e.g., an anti-
CD25 or anti-CD80 antibody, is used.

The present invention may also be made into a single chain
antibody having the variable domains of the heavy and light
chains of an antibody covalently bound by a peptide linker
usually including from 10 to 30 amino acids, preferably from
15 to 25 amino acids. Therefore, such a structure does not
include the constant part of the heavy and light chains and it
is believed that the small peptide spacer should be less anti-
genic than a whole constant part.

As used herein, the term “chimeric antibody” refers to an
antibody in which the constant regions of heavy or light
chains or both are of human origin while the variable domains
of'both heavy and light chains are of non-human (e.g., mouse,
hamster or rat) origin or of human origin but derived from a
different human antibody.
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As used herein, the term “CDR-grafted antibody” refers to
an antibody in which the hypervariable complementarity
determining regions (CDRs) are derived from a donor anti-
body, such as a non-human (e.g., mouse) antibody or a dif-
ferent human antibody, while all or substantially all the other
parts of the immunoglobulin (e.g., the conserved regions of
the variable domains, i.e., framework regions), are derived
from an acceptor antibody (in the case of a humanized anti-
body—an antibody of human origin). A CDR-grafted anti-
body may include a few amino acids of the donor sequence in
the framework regions, for instance in the parts of the frame-
work regions adjacent to the hypervariable regions.

As used herein, the term “human antibody” refers to an
antibody in which the constant and variable regions of both
the heavy and light chains are all of human origin, or substan-
tially identical to sequences of human origin, not necessarily
from the same antibody and includes antibodies produced by
mice in which the mouse, hamster or rat immunoglobulin
variable and constant part genes have been replaced by their
human counterparts, e.g. as described in general terms in EP
0546073 B1, U.S. Pat. No. 5,545,806, U.S. Pat. No. 5,569,
825, U.S. Pat. No. 5,625,126, U.S. Pat. No. 5,633,425, U.S.
Pat. No. 5,661,016, U.S. Pat. No. 5,770,429, EP Patent No. 0
438474 B1 and EP Patent No. 0 463151 B1, relevant portions
incorporated herein by reference.

The Langerin binding antibodies of the invention include
humanized antibodies that comprise the CDRs obtained from
the anti-Langerin 15B10 or 2G3 antibody. One example of a
chimeric antibody includes the variable domains of both
heavy and light chains are of human origin, for instance those
of the anti-Langerin 15B10 or 2G3 antibody. The constant
region domains preferably also comprise suitable human con-
stant region domains, for instance as described in “Sequences
of Proteins of Immunological Interest”, Kabat E. A. et al, US
Department of Health and Human Services, Public Health
Service, National Institute of Health.

Hypervariable regions may be associated with any kind of
framework regions, e.g., of human origin. Suitable frame-
work regions were described Kabat E. A. One heavy chain
framework is a heavy chain framework, for instance those of
the anti-Langerin 15B10 or 2G3 antibody, includes
sequences for the light chain framework regions: FRI1L,
FR2L, FR3L and FR4L regions. In a similar manner, the
anti-Langerin 15B10 or 2G3 heavy chain framework that
includes the sequence of FR1H, FR2H, FR3H and FR4H
regions. The CDRs may be added to a human antibody frame-
work, such as those described in U.S. Pat. No. 7,456,260,
issued to Rybak, et al., which teach new human variable chain
framework regions and humanized antibodies comprising the
framework regions, relevant portions and framework
sequences incorporated herein by reference. To accomplish
the engraftment at a genetic level, the present invention also
includes the underlying nucleic acid sequences for the VL.
AND VH regions as well as the complete antibodies and the
humanized versions thereof. The nucleic acid sequences of
the present invention include the anti-Langerin antibody light
and the heavy chains, respectively, as well as those nucleic
acid sequences that include variable codon usage for the same
amino acid sequences and conservative variations thereof
having 85, 90, 95 or 100% sequence identity at the nucleic or
amino acid level. Likewise, the CDRs may have 85, 90, 95 or
100% sequence identity at the nucleic or amino acid level,
individually, in groups or 2, 3, 4 or 5 or all together.

Monoclonal antibodies raised against a protein naturally
found in all humans are typically developed in a non-human
system e.g. in mice, and as such are typically non-human
proteins. As a direct consequence of this, a xenogenic anti-
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body as produced by a hybridoma, when administered to
humans, elicits an undesirable immune response that is pre-
dominantly mediated by the constant part of the xenogenic
immunoglobulin. Xenogeneic antibodies tend to elicit a host
immune response, thereby limiting the use of such antibodies
as they cannot be administered over a prolonged period of
time. Therefore, it is particularly useful to use single chain,
single domain, chimeric, CDR-grafted, or especially human
antibodies that are not likely to elicit a substantial allogenic
response when administered to humans. The present inven-
tion includes antibodies with minor changes in an amino acid
sequence such as deletion, addition or substitution of one, a
few or even several amino acids which are merely allelic
forms of the original protein having substantially identical
properties.

The inhibition of the binding of Langerin to its receptor
may be conveniently tested in various assays including such
assays are described hereinafter in the text. By the term “to the
same extent” is meant that the reference and the equivalent
molecules exhibit, on a statistical basis, essentially identical
Langerin binding inhibition curves in one of the assays
referred to above. For example, the assay used may be an
assay of competitive inhibition of binding of Langerin by the
binding molecules of the invention.

Generally, the human anti-Langerin antibody comprises at
least: (a) one light chain which comprises a variable domain
having an amino acid sequence substantially identical to the
15B10 or 2G3 antibody starting with the amino acid at posi-
tion 1 and ending with the amino acid at position 107 and the
constant part of a human light chain; and (b) one heavy chain
which comprises a variable domain having an amino acid
sequence substantially identical to the 15B10 or 2G3 anti-
body and the constant part of a human heavy chain. The
constant part of a human heavy chain may be of the y1, y2,y3,
1, B2, or d or € type, preferably of the y-type, whereas the
constant part of a human light chain may be of the K or A type
(which includes the A1, A2 and A.3 subtypes) but is preferably
of'the k type. The amino acid sequences of the general loca-
tions of the variable and constant domains are well known in
the art and generally follow the Kabat nomenclature.

A Langerin binding molecule of the invention may be
produced by recombinant DNA techniques. In view of this,
one or more DNA molecules encoding the binding molecule
must be constructed, placed under appropriate control
sequences and transferred into a suitable host organism for
expression.

In a very general manner, there are accordingly provided:
(1) DNA molecules encoding a single domain Langerin bind-
ing molecule of the invention, a single chain Langerin binding
molecule of the invention, a heavy or light chain or binding
fragments thereof of a Langerin binding molecule of the
invention; and (ii) the use of the DNA molecules of the
invention for the production of a Langerin binding molecule
of the invention by recombinant methods.

The present state of the art is such that the skilled worker in
the art can synthesize the DNA molecules of the invention
given the information provided herein, i.e., the amino acid
sequences of the hypervariable regions and the DNA
sequences coding for them. A method for constructing a
variable domain gene is for example described in EPA 239
400, relevant portions incorporated herein by reference.
Briefly, a gene encoding a variable domain of a MAb is
cloned. The DNA segments encoding the framework and
hypervariable regions are determined and the DNA segments
encoding the hypervariable regions are removed so that the
DNA segments encoding the framework regions are fused
together with suitable restriction sites at the junctions. The
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restriction sites may be generated at the appropriate positions
by mutagenesis of the DNA molecule by standard proce-
dures. Double stranded synthetic CDR cassettes are prepared
by DNA synthesis according to the sequences given in for
15B10 or 2G3 (amino acid and nucleic acid sequences,
respectively). These cassettes are often provided with sticky
ends so that they can be ligated at the junctions of the frame-
work.

It is not necessary to have access to the mRNA from a
producing hybridoma cell line in order to obtain a DNA
construct coding for the Langerin binding molecules of the
invention. For example, PCT application WO 90/07861 gives
full instructions for the production of an antibody by recom-
binant DNA techniques given only written information as to
the nucleotide sequence of the gene, relevant portions incor-
porated herein by reference. Briefly, the method comprises
the synthesis of a number of oligonucleotides, their amplifi-
cation by the PCR method, and their splicing to give the
desired DNA sequence.

Expression vectors comprising a suitable promoter or
genes encoding heavy and light chain constant parts are pub-
licly available. Thus, once a DNA molecule of the invention is
prepared it may be conveniently transferred in an appropriate
expression vector. DNA molecules encoding single chain
antibodies may also be prepared by standard methods, for
example, as described in WO 88/1649. In view of the forego-
ing, no hybridoma or cell line deposit is necessary to comply
with the criteria of sufficiency of description.

For example, first and second DNA constructs are made
that bind specifically to Langerin. Briefly, a first DNA con-
struct encodes a light chain of an antibody, CDRs or binding
fragments thereotf and comprises a) a first part which encodes
a variable domain comprising alternatively framework and
hypervariable regions, the hypervariable regions being in
sequence CDRI1L, CDR2L, and CDR3L the amino acid
sequences of which are found in SEQ ID NOs. 45-48; this first
part starting with a codon encoding the first amino acid of the
variable domain and ending with a codon encoding the last
amino acid of the variable domain, and b) a second part
encoding a light chain constant part or binding fragment
thereof which starts with a codon encoding the first amino
acid of the constant part of the heavy chain and ends with a
codon encoding the last amino acid of the constant part or
binding fragment thereof, followed by a stop codon.

The first part encodes a variable domain having an amino
acid sequence substantially identical to the amino acid
sequences of 15B10 or 2G3. A second part encodes the con-
stant part of a human heavy chain, more preferably the con-
stant part of the human y1 chain. This second part may be a
DNA fragment of genomic origin (comprising introns) or a
c¢DNA fragment (without introns).

The second DNA construct encodes a heavy chain or bind-
ing fragment thereof and comprises a) a first part which
encodes a variable domain comprising alternatively frame-
work and hypervariable regions; the hypervariable regions
being CDR1H and optionally CDR2H and CDR3H, the
amino acid sequences of 15B10 or 2G3; this first part starting
with a codon encoding the first amino acid of the variable
domain and ending with a codon encoding the last amino acid
of'the variable domain, and b) a second part encoding a heavy
chain constant part or binding fragment thereof which starts
with a codon encoding the first amino acid of the constant part
of the light chain and ends with a codon encoding the last
amino acid of the constant part or binding fragment thereof
followed by a stop codon.

The first part encodes a variable domain having an amino
acid sequence substantially identical to the amino acid
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sequence of 15B10 or 2G3. The first part has the nucleotide
sequence of the 15B10 or 2G3 antibodies starting with the
nucleotide at position 1 and ending with the nucleotide at
position 321. Also preferably the second part encodes the
constant part of a human light chain, more preferably the
constant part of the human x chain.

The invention also includes Langerin binding molecules in
which one or more of the residues of CDRI1L, CDR2L,
CDR3L, CDRI1H, CDR2H or CDR3H or the frameworks,
typically only a few (e.g. FR1-4L or H), are changed from the
residues of the 15B10 or 2G3 antibodies; by, e.g., site directed
mutagenesis of the corresponding DNA sequences. The
invention includes the DNA sequences coding for such
changed Langerin binding molecules. In particular the inven-
tion includes a Langerin binding molecules in which one or
more residues of CDR1L, CDR2L and/or CDR3L have been
changed from the residues of the 15B10 or 2G3 antibodies
and one or more residues of CDR1H, CDR2H and/or CDR3H
have been changed from the residues of the 15B10 or 2G3
antibodies.

Each of the DNA constructs are placed under the control of
suitable control sequences, in particular under the control of
a suitable promoter. Any kind of promoter may be used,
provided that it is adapted to the host organism in which the
DNA constructs will be transferred for expression. However,
if expression is to take place in a mammalian cell, an immu-
noglobulin gene promoter may be used in B cells. The first
and second parts may be separated by an intron, and, an
enhancer may be conveniently located in the intron between
the first and second parts. The presence of such an enhancer
that is transcribed but not translated, may assist in efficient
transcription. In particular embodiments the first and second
DNA constructs comprise the enhancer of, e.g., a heavy chain
human gene.

The antibody or binding fragments thereof can be isolated,
purified, and stored using any method known in the art. The
binding fragments retain the specific binding activity of the
intact antibody, and can be used for any application that
employs the intact antibody (e.g., therapeutics, diagnostic
assays, competitive binding assays, etc.).

In another aspect, the invention provides an antibody or
binding fragment generated by the above-described method,
and may further include a half-life extending vehicle, such as
those known to those skilled in the art. Such vehicles include,
but are not limited to, linear polymers (e.g., polyethylene
glycol (PEG), polylysine, dextran, etc.); branched-chain
polymers (See, e.g., U.S. Pat. No. 4,289,872; U.S. Pat. No.
5,229,490; WO 93/21259); a lipid; a cholesterol group (such
as a steroid); a carbohydrate or polysaccharide; or any natural
or synthetic protein, polypeptide or peptide. Additionally, it
will be appreciated that one or more Fc regions, can also be
employed with the invention to increase half-life. It will be
appreciated that the vehicle can be linked to the antibody or
binding fragment by way of various techniques known in the
art including, for example, covalent linkage.

The desired antibody may be produced in an animal as an
ascites, in cell culture or in a transgenic animal. A suitable
transgenic animal may be obtained according to standard
methods that include micro injecting into eggs the first and
second DNA constructs placed under suitable control
sequences transferring the so prepared eggs into appropriate
pseudo-pregnant females and selecting a descendant express-
ing the desired antibody.

The invention also provides an expression vector able to
replicate in a prokaryotic or eukaryotic cell line, which com-
prises at least one of the DNA constructs above described.
Each expression vector containing a DNA construct is then
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transferred into a suitable host organism. When the DNA
constructs are separately inserted on two expression vectors,
they may be transferred separately, i.e. one type of vector per
cell, or co-transferred, this latter possibility being preferred.
A suitable host organism may be a bacterium, a yeast or a
mammalian cell line, this latter being preferred. More pref-
erably, the mammalian cell line is of lymphoid origin, e.g., a
myeloma, hybridoma or a normal immortalized B-cell, which
conveniently does not express any endogenous antibody
heavy or light chain.

When the antibody chains are produced in a cell culture,
the DNA constructs must first be inserted into either a single
expression vector or into two separate but compatible expres-
sion vectors, the latter possibility being preferred. For expres-
sion in mammalian cells it is preferred that the coding
sequence of the Langerin binding molecule is integrated into
the host cell DNA within a locus which permits or favors high
level expression of the Langerin binding molecule.

In a further aspect of the invention there is provided a
process for the product of a Langerin binding molecule that
comprises: (i) culturing an organism which is transformed
with an expression vector as defined above; and (ii) recover-
ing the Langerin binding molecule from the culture.

In accordance with the present invention it has been found
that the anti-Langerin antibodies 15B10,2G3,91E7,37C1, or
4C7 and humanized derivatives thereof, appear to have bind-
ing specificity for the antigenic epitope of human Langerin. It
is therefore most surprising that antibodies to this epitope,
e.g. the anti-Langerin 15B10, 2G3, 91E7, 37C1, or 4C7 and
humanized derivatives thereof, are capable of delivering anti-
gen efficiently into dendritic cells (DCs). Antibodies, in par-
ticular chimeric and CDR-grafted antibodies and especially
human antibodies, which have binding specificity for the
antigenic epitope of mature human [Langerin; and use of such
antibodies for DC antigen loading are novel and are included
within the scope of the present invention.

To use the anti-Langerin antibody of the present invention
for treatment indications, the appropriate dosage will, of
course, vary depending upon, for example, the antibody dis-
closed herein to be employed, the host, the mode of admin-
istration and the nature and severity of the condition being
treated. However, in prophylactic use, satisfactory results are
generally found at dosages from about 0.05 mg to about 10
mg per kilogram body weight more usually from about 0.1
mg to about 5 mg per kilogram body weight. The frequency of
dosing for prophylactic uses will normally be in the range
from about once per week up to about once every 3 months,
more usually in the range from about once every 2 weeks up
to about once every 10 weeks, e.g., once every 4 to 8 weeks.
The anti-Langerin antibody of the present can be adminis-
tered parenterally, intravenously, e.g., into the antecubital or
other peripheral vein, intramuscularly, or subcutaneously.

Pharmaceutical compositions of the invention may be
manufactured in conventional manner, e.g., in a lyophilized
form. For immediate administration it is dissolved in a suit-
able aqueous carrier, for example sterile water for injection or
sterile buffered physiological saline. If it is considered desir-
able to make up a solution of larger volume for administration
by infusion rather as a bolus injection, it is advantageous to
incorporate human serum albumin or the patient’s own hep-
arinized blood into the saline at the time of formulation. The
presence of an excess of such physiologically inert protein
prevents loss of antibody by adsorption onto the walls of the
container and tubing used with the infusion solution. If albu-
min is used, a suitable concentration is from 0.5 to 4.5% by
weight of the saline solution.
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One embodiment of the present invention provides an
immunoconjugate comprising a humanized antibody of the
invention, e.g., a humanized anti-Langerin antibody, linked to
one or more effector molecules, antigen(s) and/or a detectable
label(s). Preferably, the effector molecule is a therapeutic
molecule such as, for example, one or more peptides that
comprise one or more T cell epitopes, a toxin, a small mol-
ecule, a cytokine or a chemokine, an enzyme, or a radiolabel.

Exemplary toxins include, but are not limited to,
Pseudomonas exotoxin or diphtheria toxin. Examples of
small molecules include, but are not limited to, chemothera-
peutic compounds such as taxol, doxorubicin, etoposide, and
bleiomycin. Exemplary cytokines include, but are not limited
to, IL-1, IL-2, IL-4, IL-5, IL-6, and 11.-12, 1L.-17, and IL-25.
Exemplary enzymes include, but are not limited to, RNAses,
DNAses, proteases, kinases, and caspases. Exemplary radio-
isotopes include, but are not limited to, 32P and 1251.

As used herein, the term “epitope” refers to a molecule or
substance capable of stimulating an immune response. In one
example, epitopes include but are not limited to a polypeptide
and a nucleic acid encoding a polypeptide, wherein expres-
sion of the nucleic acid into a polypeptide is capable of
stimulating an immune response when the polypeptide is
processed and presented on a Major Histocompatibility Com-
plex (MHC) molecule. Generally, epitopes include peptides
presented on the surface of cells non-covalently bound to the
binding groove of Class [ or Class Il MHC, such that they can
interact with T cell receptors and the respective T cell acces-
sory molecules.

Proteolytic Processing of Antigens. Epitopes that are dis-
played by MHC on antigen presenting cells are cleavage
peptides or products of larger peptide or protein antigen pre-
cursors. For MHC 1 epitopes, protein antigens are often
digested by proteasomes resident in the cell. Intracellular
proteasomal digestion produces peptide fragments of about 3
to 23 amino acids in length that are then loaded onto the MHC
protein. Additional proteolytic activities within the cell, or in
the extracellular milieu, can trim and process these fragments
further. Processing of MHC Class II epitopes generally
occurs via intracellular proteases from the lysosomal/endo-
somal compartment. The present invention includes, in one
embodiment, pre-processed peptides that are attached to the
anti-Langerin antibody (or binding fragment thereof) that
directs the peptides against which an enhanced immune
response is sought directly to antigen presenting cells.

To identify epitopes potentially effective as immunogenic
compounds, predictions of MHC binding alone are useful but
often insufficient. The present invention includes methods for
specifically identifying the epitopes within antigens most
likely to lead to the immune response sought for the specific
sources of antigen presenting cells and responder T cells.

The present invention allows for a rapid and easy assay for
the identification of those epitopes that are most likely to
produce the desired immune response using the patient’s own
antigen presenting cells and T cell repertoire. The composi-
tions and methods of the present invention are applicable to
any protein sequence, allowing the user to identify the
epitopes that are capable of binding to MHC and are properly
presented to T cells that will respond to the antigen. Accord-
ingly, the invention is not limited to any particular target or
medical condition, but instead encompasses and MHC
epitope(s) from any useful source.

As used herein, the term “veneered” refers to a humanized
antibody framework onto which antigen-binding sites or
CDRs obtained from non-human antibodies (e.g., mouse, rat
or hamster), are placed into human heavy and light chain
conserved structural framework regions (FRs), for example,
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in a light chain or heavy chain polynucleotide to “graft” the
specificity of the non-human antibody into a human frame-
work from, e.g., SEQ ID NOS: 45-48 or the nucleic acids that
encode those sequences, as will be readily apparent to the
skilled artisan. The polynucleotide expression vector or vec-
tors that express the veneered antibodies can be transfected
mammalian cells for the expression of recombinant human
antibodies which exhibit the antigen specificity of the non-
human antibody and will undergo posttranslational modifi-
cations that will enhance their expression, stability, solubility,
or combinations thereof.

Antigens.

Examples of viral antigens for use with the present inven-
tion include, but are not limited to, e.g., HIV, HCV, CMYV,
adenoviruses, retroviruses, picornaviruses, etc. Non-limiting
example of retroviral antigens such as retroviral antigens
from the human immunodeficiency virus (HIV) antigens such
as gene products of the gag, pol, and env genes, the Nef
protein, reverse transcriptase, and other HIV components;
hepatitis viral antigens such as the S, M, and L proteins of
hepatitis B virus, the pre-S antigen of hepatitis B virus, and
other hepatitis, e.g., hepatitis A, B, and C, viral components
such as hepatitis C viral RNA; influenza viral antigens such as
hemagglutinin and neuraminidase and other influenza viral
components; measles viral antigens such as the measles virus
fusion protein and other measles virus components; rubella
viral antigens such as proteins E1 and E2 and other rubella
virus components; rotaviral antigens such as VP7sc and other
rotaviral components; cytomegaloviral antigens such as enve-
lope glycoprotein B and other cytomegaloviral antigen com-
ponents; respiratory syncytial viral antigens such as the RSV
fusion protein, the M2 protein and other respiratory syncytial
viral antigen components; herpes simplex viral antigens such
asimmediate early proteins, glycoprotein D, and other herpes
simplex viral antigen components; varicella zoster viral anti-
gens such as gpl, gpll, and other varicella zoster viral antigen
components; Japanese encephalitis viral antigens such as pro-
teins E, M-E, M-E-NS1, NS1, NS1-NS2A, 80% E, and other
Japanese encephalitis viral antigen components; rabies viral
antigens such as rabies glycoprotein, rabies nucleoprotein
and other rabies viral antigen components. See Fundamental
Virology, Second Edition, eds. Fields, B. N. and Knipe, D. M.
(Raven Press, New York, 1991) for additional examples of
viral antigens. The at least one viral antigen may be peptides
from an adenovirus, retrovirus, picornavirus, herpesvirus,
rotaviruses, hantaviruses, coronavirus, togavirus, flavirvirus,
rhabdovirus, paramyxovirus, orthomyxovirus, bunyavirus,
arenavirus, reovirus, papilomavirus, parvovirus, poxvirus,
hepadnavirus, or spongiform virus. In certain specific, non-
limiting examples, the at least one viral antigen are peptides
obtained from atleast one of HIV, CMV, hepatitis A, B, and C,
influenza, measles, polio, smallpox, rubella; respiratory syn-
cytial, herpes simplex, varicella zoster, Epstein-Barr, Japa-
nese encephalitis, rabies, flu, and/or cold viruses.

In one aspect, the one or more of the antigenic peptides are
selected from at least one of: Nef (66-97): VGFPVTPQVPL-
RPMTYKAAVDLSHFLKEKGGL (SEQ ID NO.: 31); Nef
(116-145): HTQGYFPDWQNYTPGPGVRYPLTFGW-
LYKL (SEQ ID NO.: 32); Gag pl7 (17-35): EKIRLRPG-
GKKKYKLKHIV (SEQ ID NO.: 33); Gag pl7-p24 (253-
284): NPPIPVGEIYKRWIILGLNKIVRMYSPTSILD
(SEQ ID NO.: 34); or Pol 325-355 (RT 158-188) is:
ATFQSSMTKILEPFRKQNPDIVIYQYMDDLY (SEQ ID
NO.: 35). In one aspect, the fusion protein peptides are sepa-
rated by one or more linkers selected from:
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(SEQ ID NO.: 39)
SSVSPTTSVHPTPTSVPPTPTKSSP;

(SEQ ID NO.: 40)
PTSTPADSSTITPTATPTATPTIKG;

(SEQ ID NO.: 41)
TVTPTATATPSAIVTTITPTATTKP;
or

(SEQ ID NO.: 42)

TNGSITVAATAPTVTPTVNATPSAA.

Antigenic targets that may be delivered using the anti-
Langerin-antigen vaccines of the present invention include
genes encoding antigens such as viral antigens, bacterial anti-
gens, fungal antigens or parasitic antigens. Pathogens include
trypanosomes, tapeworms, roundworms, helminthes,
malaria. Tumor markers, such as fetal antigen or prostate
specific antigen, may be targeted in this manner. Other
examples include: HIV env proteins and hepatitis B surface
antigen. Administration of a vector according to the present
invention for vaccination purposes would require that the
vector-associated antigens be sufficiently non-immunogenic
to enable long-term expression of the transgene, for which a
strong immune response would be desired. In some cases,
vaccination of an individual may only be required infre-
quently, such as yearly or biennially, and provide long-term
immunologic protection against the infectious agent. Specific
examples of organisms, allergens and nucleic and amino
sequences for use in vectors and ultimately as antigens with
the present invention may be found in U.S. Pat. No. 6,541,
011, relevant portions incorporated herein by reference, in
particular, the tables that match organisms and specific
sequences that may be used with the present invention.

Bacterial antigens for use with the anti-Langerin-antigen
vaccines disclosed herein include, but are not limited to, e.g.,
bacterial antigens such as pertussis toxin, filamentous hemag-
glutinin, pertactin, FIM2, FIM3, adenylate cyclase and other
pertussis bacterial antigen components; diptheria bacterial
antigens such as diptheria toxin or toxoid and other diptheria
bacterial antigen components; tetanus bacterial antigens such
as tetanus toxin or toxoid and other tetanus bacterial antigen
components; streptococcal bacterial antigens such as M pro-
teins and other streptococcal bacterial antigen components;
gram-negative bacilli bacterial antigens such as lipopolysac-
charides and other gram-negative bacterial antigen compo-
nents, Mycobacterium tuberculosis bacterial antigens such as
mycolic acid, heat shock protein 65 (HSP65), the 30 kDa
major secreted protein, antigen 85A and other mycobacterial
antigen components; Helicobacter pylori bacterial antigen
components; pneumococcal bacterial antigens such as pneu-
molysin, pneumococcal capsular polysaccharides and other
pneumococcal bacterial antigen components; kaemophilus
influenza bacterial antigens such as capsular polysaccharides
and other haemophilus influenza bacterial antigen compo-
nents; anthrax bacterial antigens such as anthrax protective
antigen and other anthrax bacterial antigen components; rick-
ettsiae bacterial antigens such as rompA and other rickettsiae
bacterial antigen component. Also included with the bacterial
antigens described herein are any other bacterial, mycobac-
terial, mycoplasmal, rickettsial, or chlamydial antigens. Par-
tial or whole pathogens may also be: haemophilus influenza;
Plasmodium falciparum; neisseria meningitidis; streptococ-
cus pneumoniae; neisseria gonorrhoeae; salmonella sero-
type typhi; shigella;, vibrio cholerae; Dengue Fever;
Encephalitides; Japanese Encephalitis; lyme disease; Yers-
inia pestis; west nile virus; yellow fever; tularemia; hepatitis

10

15

20

25

30

40

45

55

60

65

28
(viral; bacterial); RSV (respiratory syncytial virus); HPIV 1
and HPIV 3; adenovirus; small pox; allergies and cancers.

Fungal antigens for use with compositions and methods of
the invention include, but are not limited to, e.g., candida
fungal antigen components; histoplasma fungal antigens such
as heat shock protein 60 (HSP60) and other histoplasma
fungal antigen components; cryptococcal fungal antigens
such as capsular polysaccharides and other cryptococcal fun-
gal antigen components; coccidiodes fungal antigens such as
spherule antigens and other coccidiodes fungal antigen com-
ponents; and tinea fungal antigens such as trichophytin and
other coccidiodes fungal antigen components.

Examples of protozoal and other parasitic antigens
include, but are not limited to, e.g., plasmodium falciparum
antigens such as merozoite surface antigens, sporozoite sur-
face antigens, circumsporozoite antigens, gametocyte/ga-
mete surface antigens, blood-stage antigen pf 155/RESA and
other plasmodial antigen components; toxoplasma antigens
such as SAG-1, p30 and other toxoplasmal antigen compo-
nents; schistosomae antigens such as glutathione-S-trans-
ferase, paramyosin, and other schistosomal antigen compo-
nents; leishmania major and other leishmaniae antigens such
as gp63, lipophosphoglycan and its associated protein and
other leishmanial antigen components; and trypanosoma
cruzi antigens such as the 75-77 kDa antigen, the 56 kDa
antigen and other trypanosomal antigen components.

Antigen that can be targeted using the anti-Langerin-anti-
gen vaccines of the present invention will generally be
selected based on a number of factors, including: likelihood
of internalization, level of immune cell specificity, type of
immune cell targeted, level of immune cell maturity and/or
activation and the like. In this embodiment, the antibodies
may be mono- or bi-specific antibodies that include one anti-
Langerin binding domain and one binding domain against a
second antigen, e.g., cell surface markers for dendritic cells
such as, MHC class I, MHC Class 11, B7-2, CD18, CD29,
CD31, CD43, CD44, CD45, CD54, CDS58, CD83, CDS6,
CMRF-44, CMRF-56, DCIR and/or Dectin-1 and the like;
while in some cases also having the absence of CD2, CD3,
CD4, CD8, CD14, CD15, CD16, CD 19, CD20, CD56, and/
or CD57. Examples of cell surface markers for antigen pre-
senting cells include, but are not limited to, MHC class 1,
MHC Class I, CD45, B7-1, B7-2, IFN-y receptor and I1L.-2
receptor, ICAM-1 and/or Fey receptor. Examples of cell sur-
face markers for T cells include, but are not limited to, CD3,
CD4, CD8, CD 14, CD20, CD11b, CD16, CD45 and HLA-
DR.

Target antigens on cell surfaces for delivery include those
characteristic of tumor antigens typically will be derived from
the cell surface, cytoplasm, nucleus, organelles and the like of
cells of tumor tissue. Examples of tumor targets for the anti-
body portion of the present invention include, without limi-
tation, hematological cancers such as leukemias and lympho-
mas, neurological tumors such as astrocytomas or
glioblastomas, melanoma, breast cancer, lung cancer, head
and neck cancer, gastrointestinal tumors such as gastric or
colon cancer, liver cancer, pancreatic cancer, genitourinary
tumors such cervix, uterus, ovarian cancer, vaginal cancer,
testicular cancer, prostate cancer or penile cancer, bone
tumors, vascular tumors, or cancers of the lip, nasopharynx,
pharynx and oral cavity, esophagus, rectum, gall bladder,
biliary tree, larynx, lung and bronchus, bladder, kidney, brain
and other parts of the nervous system, thyroid, Hodgkin’s
disease, non-Hodgkin’s lymphoma, multiple myeloma and
leukemia.

Examples of antigens that may be delivered alone or in
combination to immune cells for antigen presentation using
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the present invention includes tumor proteins, e.g., mutated
oncogenes; viral proteins associated with tumors; and tumor
mucins and glycolipids. The antigens may be viral proteins
associated with tumors would be those from the classes of
viruses noted above. Certain antigens may be characteristic of
tumors (one subset being proteins not usually expressed by a
tumor precursor cell), or may be a protein that is normally
expressed in a tumor precursor cell, but having a mutation
characteristic of a tumor. Other antigens include mutant vari-
ant(s) of the normal protein having an altered activity or
subcellular distribution, e.g., mutations of genes giving rise to
tumor antigens.

Specific non-limiting examples of tumor antigens for use
in an anti-Langerin-fusion protein vaccine include, e.g.,
CEA, prostate specific antigen (PSA), HER-2/neu, BAGE,
GAGE, MAGE 1-4, 6 and 12, MUC (Mucin) (e.g., MUC-1,
MUC-2, etc.), GM2 and GD2 gangliosides, ras, myc, tyrosi-
nase, MART (melanoma antigen), Pmel 17 (gp100), GnT-V
intron V sequence (N-acetylglucoaminyltransferase V intron
V sequence), Prostate Ca psm, PRAME (melanoma antigen),
p-catenin, MUM-1-B (melanoma ubiquitous mutated gene
product), GAGE (melanoma antigen) 1, MAGE, BAGE
(melanoma antigen) 2-10, c-ERB2 (Her2/neu), DAGE,
EBNA (Epstein-Barr Virus nuclear antigen) 1-6, gp75,
human papilloma virus (HPV) E6 and E7, p53, lung resis-
tance protein (LRP), Bcl-2, Ki-67, Cyclin B1, gp100, Sur-
vivin, and NYESO-1.

In addition, the immunogenic molecule can be an autoan-
tigen involved in the initiation and/or propagation of an
autoimmune disease, the pathology of which is largely due to
the activity of antibodies specific for a molecule expressed by
the relevant target organ, tissue, or cells, e.g., SLE or MG. In
such diseases, it can be desirable to direct an ongoing anti-
body-mediated (i.e., a Th2-type) immune response to the
relevant autoantigen towards a cellular (i.e., a Thl-type)
immune response. Alternatively, it can be desirable to prevent
onset of or decrease the level of a Th2 response to the autoan-
tigen in a subject not having, but who is suspected of being
susceptible to, the relevant autoimmune disease by prophy-
lactically inducing a Th1 response to the appropriate autoan-
tigen. Autoantigens of interest include, without limitation: (a)
with respect to SLE, the Smith protein, RNP ribonucleopro-
tein, and the SS-A and SS-B proteins; and (b) with respect to
MG, the acetylcholine receptor. Examples of other miscella-
neous antigens involved in one or more types of autoimmune
response include, e.g., endogenous hormones such as lutein-
izing hormone, follicular stimulating hormone, testosterone,
growth hormone, prolactin, and other hormones.

Antigens involved in autoimmune diseases, allergy, and
graft rejection can be used in the compositions and methods
of'the invention. For example, an antigen involved in any one
or more of the following autoimmune diseases or disorders
can be used in the present invention: diabetes, diabetes mel-
litus, arthritis (including rheumatoid arthritis, juvenile rheu-
matoid arthritis, osteoarthritis, psoriatic arthritis), multiple
sclerosis, myasthenia gravis, systemic lupus erythematosis,
autoimmune thyroiditis, dermatitis (including atopic derma-
titis and eczematous dermatitis), psoriasis, Sjogren’s Syn-
drome, including keratoconjunctivitis sicca secondary to
Sjogren’s Syndrome, alopecia areata, allergic responses due
to arthropod bite reactions, Crohn’s disease, aphthous ulcer,
iritis, conjunctivitis, keratoconjunctivitis, ulcerative colitis,
asthma, allergic asthma, cutaneous lupus erythematosus,
scleroderma, vaginitis, proctitis, drug eruptions, leprosy
reversal reactions, erythema nodosum leprosum, autoim-
mune uveitis, allergic encephalomyelitis, acute necrotizing
hemorrhagic encephalopathy, idiopathic bilateral progressive
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sensorineural hearing loss, aplastic anemia, pure red cell ane-
mia, idiopathic thrombocytopenia, polychondritis, Wegen-
er’s granulomatosis, chronic active hepatitis, Stevens-
Johnson syndrome, idiopathic sprue, lichen planus, Crohn’s
disease, Graves ophthalmopathy, sarcoidosis, primary biliary
cirrhosis, uveitis posterior, and interstitial lung fibrosis.
Examples of antigens involved in autoimmune disease
include glutamic acid decarboxylase 65 (GAD 65), native
DNA, myelin basic protein, myelin proteolipid protein, ace-
tylcholine receptor components, thyroglobulin, and the thy-
roid stimulating hormone (TSH) receptor.

Examples of antigens involved in allergy include pollen
antigens such as Japanese cedar pollen antigens, ragweed
pollen antigens, rye grass pollen antigens, animal derived
antigens such as dust mite antigens and feline antigens, his-
tocompatiblity antigens, and penicillin and other therapeutic
drugs. Examples of antigens involved in graft rejection
include antigenic components of the graft to be transplanted
into the graft recipient such as heart, lung, liver, pancreas,
kidney, and neural graft components. The antigen may be an
altered peptide ligand useful in treating an autoimmune dis-
ease.

It will be appreciated by those of skill in the art that the
sequence of any protein effector molecule may be altered in a
manner that does not substantially affect the functional
advantages of the effector protein. For example, glycine and
alanine are typically considered to be interchangeable as are
aspartic acid and glutamic acid and asparagine and glutamine.
One of skill in the art will recognize that many different
variations of effector sequences will encode effectors with
roughly the same activity as the native effector. The effector
molecule and the antibody may be conjugated by chemical or
by recombinant means as described above. Chemical modi-
fications include, for example, derivitization for the purpose
of linking the effector molecule and the antibody to each
other, either directly or through a linking compound, by meth-
ods that are well known in the art of protein chemistry. Both
covalent and noncovalent attachment methods may be used
with the humanized antibodies of the present invention.

The procedure for attaching an effector molecule to an
antibody will vary according to the chemical structure of the
moiety to be attached to the antibody. Polypeptides typically
contain a variety of functional groups; e.g., carboxylic acid
(COOH), free amine (—NH,) or sulthydryl (—SH) groups,
which are available for reaction with a suitable functional
group on an antibody to result in the binding of the effector
molecule. Alternatively, the antibody can be derivatized to
expose or to attach additional reactive functional groups, e.g.,
by attachment of any of a number of linker molecules such as
those available from Pierce Chemical Company, Rockford I1l.

The linker is capable of forming covalent bonds to both the
antibody and to the effector molecule. Suitable linkers are
well known to those of skill in the art and include, but are not
limited to, straight or branched-chain carbon linkers, hetero-
cyclic carbon linkers, or peptide linkers. Where the antibody
and the effector molecule are polypeptides, the linkers may be
joined to the constituent amino acids through their side
groups (e.g., through a disulfide linkage to cysteine). How-
ever, in a preferred embodiment, the linkers will be joined to
the alpha carbon amino and carboxyl groups of the terminal
amino acids.

In some circumstances, it is desirable to free the effector
molecule from the antibody when the immunoconjugate has
reached its target site. Therefore, in these circumstances,
immunoconjugates will comprise linkages that are cleavable
in the vicinity of the target site. Cleavage of the linker to
release the effector molecule from the antibody may be
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prompted by enzymatic activity or conditions to which the
immunoconjugate is subjected either inside the target cell or
in the vicinity of the target site. When the target site is a tumor,
alinker that is cleavable under conditions present at the tumor
site (e.g. when exposed to tumor-associated enzymes or
acidic pH) may be used.

Exemplary chemical modifications of the effector mol-
ecule and the antibody of the present invention also include
derivitization with polyethylene glycol (PEG) to extend time
of residence in the circulatory system and reduce immunoge-
nicity, according to well known methods (See for example,
Lisi, etal., Applied Biochem. 4:19 (1982); Beauchamp, etal.,
Anal Biochem. 131:25 (1982); and Goodson, et al., Bio/
Technology 8:343 (1990)).

The present invention contemplates vaccines for use in
both active and passive immunization embodiments. Immu-
nogenic compositions, proposed to be suitable for use as a
vaccine, may be prepared most readily directly from immu-
nogenic T-cell stimulating peptides prepared in a manner
disclosed herein. The final vaccination material is dialyzed
extensively to remove undesired small molecular weight mol-
ecules and/or lyophilized for more ready formulation into a
desired vehicle. In certain embodiment of the present inven-
tion, the compositions and methods of the present invention
are used to manufacture a cellular vaccine, e.g., the antigen-
delivering anti-Langerin binding portion of the antibody is
used to direct the antigen(s) to an antigen presenting cell,
which then “loads™ the antigen onto MHC proteins for pre-
sentation. The cellular vaccine is, therefore, the antigen pre-
senting cell that has been loaded using the compositions of the
present invention to generate antigen-loaded antigen present-
ing cells.

When the vaccine is the anti-Langerin binding protein
itself, e.g., a complete antibody or binding fragments thereof,
then these “active ingredients” can be made into vaccines
using methods understood in the art, e.g., U.S. Pat. Nos.
4,608,251, 4,601,903; 4,599,231; 4,599,230, and 4,578,770,
relevant portions incorporated herein by reference. Typically,
such vaccines are prepared as injectables, e.g., as liquid solu-
tions or suspensions or solid forms suitable for re-suspension
in liquid prior to injection. The preparation may also be emul-
sified. The active immunogenic ingredient is often mixed
with excipients which are pharmaceutically acceptable and
compatible with the active ingredient. Suitable excipients are,
for example, water, saline, dextrose, glycerol, ethanol, or the
like and combinations thereof. In addition, if desired, the
vaccine may contain minor amounts of auxiliary substances
such as wetting or emulsifying agents, pH buffering agents, or
adjuvants that enhance the effectiveness of the vaccines.

The vaccines are administered in a manner compatible with
the dosage formulation, and in such amount as will be thera-
peutically effective and immunogenic. The quantity to be
administered depends on the subject to be treated, including,
e.g., the capacity of the individual’s immune system to gen-
erate an immune response. Precise amounts of cells or active
ingredient required to be administered depend on the judg-
ment of the practitioner. However, suitable dosage ranges are
of the order of a few thousand cells (to millions of cells) for
cellular vaccines. For standard epitope or epitope delivery
vaccines then the vaccine may be several hundred micro-
grams active ingredient per vaccination. Suitable regimes for
initial administration and booster shots are also variable, but
are typified by an initial administration followed by subse-
quent inoculations or other administrations.

The manner of application may vary widely, however, cer-
tain embodiments herein will most likely be delivered intra-
venously or at the site of a tumor or infection directly. Regard-

10

15

20

25

30

35

40

45

55

60

65

32

less, any of the conventional methods for administration of a
vaccine are applicable. The dosage ofthe vaccine will depend
on the route of administration and will vary according to the
size of the host.

In many instances, it will be desirable to have multiple
administrations of the vaccine, e.g., four to six vaccinations
provided weekly or every other week. A normal vaccination
regimen will often occur in two to twelve week intervals or
from three to six week intervals. Periodic boosters at intervals
of'1-5 years, usually three years, may be desirable to maintain
protective levels of the immune response or upon a likelihood
of a remission or re-infection. The course of the immuniza-
tion may be followed by assays for, e.g., T cell activation,
cytokine secretion or even antibody production, most com-
monly conducted in vitro. These immune response assays are
well known and may be found in a wide variety of patents and
as taught herein.

The vaccine of the present invention may be provided in
one or more “unit doses” depending on whether the nucleic
acid vectors are used, the final purified proteins, or the final
vaccine form is used. Unit dose is defined as containing a
predetermined-quantity of the therapeutic composition cal-
culated to produce the desired responses in association with
its administration, i.e., the appropriate route and treatment
regimen. The quantity to be administered, and the particular
route and formulation, are within the skill of those in the
clinical arts. The subject to be treated may also be evaluated,
in particular, the state of the subject’s immune system and the
protection desired. A unit dose need not be administered as a
single injection but may include continuous infusion over a
set period of time. Unit dose of the present invention may
conveniently be described in terms of DNA/kg (or protein/
Kg) body weight, with ranges between about 0.05,0.10,0.15,
0.20, 0.25, 0.5, 1, 10, 50, 100, 1,000 or more mg/DNA or
protein/kg body weight are administered.

Likewise, the amount of anti-Langerin-antigen vaccine
delivered can vary from about 0.2 to about 8.0 mg/kg body
weight. Thus, in particular embodiments, 0.4 mg, 0.5 mg, 0.8
mg, 1.0 mg, 1.5 mg, 2.0 mg, 2.5 mg, 3.0 mg, 4.0 mg, 5.0 mg,
5.5mg, 6.0 mg, 6.5 mg, 7.0 mgand 7.5 mg of the vaccine may
be delivered to an individual in vivo. The dosage of vaccine to
be administered depends to a great extent on the weight and
physical condition of the subject being treated as well as the
route of administration and the frequency of treatment. A
pharmaceutical composition that includes a naked polynucle-
otide prebound to a liposomal or viral delivery vector may be
administered in amounts ranging from 1 pg to 1 mg poly-
nucleotide to 1 pg to 100 mg protein. Thus, particular com-
positions may include between about 1 pg, 5 ug, 10 pug, 20 ug,
30 pg, 40 pg, 50 pg, 60 pg, 70 pg, 80 pg, 100 pg, 150 pg, 200
ug, 250 pg, 500 pg, 600 pg, 700 ng, 800 pg, 900 pg or 1,000
ng polynucleotide or protein that is bound independently to 1
ng, 5 ug, 10 pg, 20 pg, 3.0 ug, 40 pg 50 pg, 60 g, 70 pg, 30
ug, 100 pg, 150 pg, 200 pg, 250 pg, 500 pg, 600 pg, 700 pg,
800 png, 900 pug, 1 mg, 1.5 mg, 5 mg, 10 mg, 20 mg, 30 mg, 40
mg, 50 mg, 60 mg, 70 mg, 80 mg, 90 mg or 100 mg vector.

Antibodies of the present invention may optionally be
covalently or non-covalently linked to a detectable label.
Detectable labels suitable for such use include any composi-
tion detectable by spectroscopic, photochemical, biochemi-
cal, immunochemical, electrical, optical or chemical meth-
ods. Useful labels in the present invention include magnetic
beads (e.g. DYNABEADS™), fluorescent dyes (e.g., fluores-
cein isothiocyanate, Texas red, rhodamine, green fluorescent
protein, and the like), radiolabels (e.g., *°H, '*°1, *°S, *C, or
32P), enzymes (e.g., horse radish peroxidase, alkaline phos-
phatase and others commonly used in an ELISA), and colo-
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rimetric labels such as colloidal gold or colored glass or
plastic (e.g. polystyrene, polypropylene, latex, etc.) beads.

Methods of detecting such labels are well known to those
of skill in the art. Thus, for example, radiolabels may be
detected using photographic film or scintillation counters,
fluorescent markers may be detected using a photodetector to
detect emitted illumination. Enzymatic labels are typically
detected by providing the enzyme with a substrate and detect-
ing the reaction product produced by the action of the enzyme
on the substrate, and colorimetric labels are detected by sim-
ply visualizing the colored label.

The antibody and/or immunoconjugate compositions of
this invention are particularly useful for parenteral adminis-
tration, such as intravenous administration or administration
into a body cavity. The compositions for administration will
commonly comprise a solution of the antibody and/or immu-
noconjugate dissolved in a pharmaceutically acceptable car-
rier, preferably an aqueous carrier. A variety of aqueous car-
riers can be used, e.g., buffered saline and the like. These
solutions are sterile and generally free of undesirable matter.
These compositions may be sterilized by conventional, well-
known sterilization techniques. The compositions may con-
tain pharmaceutically acceptable auxiliary substances as
required to approximate physiological conditions such as pH
adjusting and buffering agents, toxicity adjusting agents and
the like, for example, sodium acetate, sodium chloride, potas-
sium chloride, calcium chloride, sodium lactate and the like.
The concentration of fusion protein in these formulations can
vary widely, and will be selected primarily based on fluid
volumes, viscosities, body weight and the like in accordance
with the particular mode of administration selected and the
patient’s needs.

Thus, a typical pharmaceutical immunoconjugate compo-
sition of the present invention for intravenous administration
would be about 0.1 to 10 mg per patient per day. Dosages from
0.1 up to about 100 mg per patient per day may be used.
Actual methods for preparing administrable compositions
will be known or apparent to those skilled in the art and are
described in more detail in such publications as REMNGTON"S
PHarRMACEUTICAL SciENCE, 19TH Eb., Mack Publishing Com-
pany, Easton, Pa. (1995).

The compositions of the present invention can be admin-
istered for therapeutic treatments. In therapeutic applications,
compositions are administered to a patient suffering from a
disease, in an amount sufficient to cure or at least partially
arrest the disease and its complications. An amount adequate
to accomplish this is defined as a “therapeutically effective
dose”” Amounts effective for this use will depend upon the
severity of the disease and the general state of the patient’s
health. An effective amount of the compound is that which
provides either subjective relief of a symptom(s) or an objec-
tively identifiable improvement as noted by the clinician or
other qualified observer.

Single or multiple administrations of the compositions are
administered depending on the dosage and frequency as
required and tolerated by the patient. In any event, the com-
position should provide a sufficient quantity of the proteins of
this invention to effectively treat the patient. Preferably, the
dosage is administered once but may be applied periodically
until either a therapeutic result is achieved or until side effects
warrant discontinuation of therapy. Generally, the dose is
sufficient to treat or ameliorate symptoms or signs of disease
without producing unacceptable toxicity to the patient.

Controlled release parenteral formulations of the immuno-
conjugate compositions of the present invention can be made
as implants, oily injections, or as particulate systems. For a
broad overview of protein delivery systems see, Banga, A. J.,
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TuErRAPEUTIC PEPTIDES AND PROTEINS: FORMULATION, PROCESSING,
AND DELIVERY SysTEMS, Technomic Publishing Company, Inc.,
Lancaster, Pa., (1995) incorporated herein by reference. Par-
ticulate systems include microspheres, microparticles,
microcapsules, nanocapsules, nanospheres, and nanopar-
ticles. Microcapsules contain the therapeutic protein as a
central core. In microspheres the therapeutic is dispersed
throughout the particle. Particles, microspheres, and micro-
capsules smaller than about 1 pm are generally referred to as
nanoparticles, nanospheres, and nanocapsules, respectively.
Capillaries have a diameter of approximately 5 um so that
only nanoparticles are administered intravenously. Micropar-
ticles are typically around 100 um in diameter and are admin-
istered subcutaneously or intramuscularly.

Polymers can be used for ion-controlled release of immu-
noconjugate compositions of the present invention. Various
degradable and non-degradable polymeric matrices for use in
controlled drug delivery are known in the art (Langer, R.,
Accounts Chem. Res. 26:537-542 (1993)). For example, the
block copolymer, poloxamer 407® exists as a viscous yet
mobile liquid at low temperatures but forms a semisolid gel at
body temperature, hydroxyapatite has been used as a micro-
carrier for controlled release of proteins, and/or liposomes
may be used for controlled release as well as drug targeting of
the lipid-capsulated drug. Numerous additional systems for
controlled delivery of therapeutic proteins are known. See,
e.g., U.S. Pat. Nos. 5,055,303, 5,188,837, 4,235,871, 4,501,
728, 4,837,028 4,957,735 and 5,019,369, 5,055,303, 5,514,
670,5,413,797; 5,268,164, 5,004,697, 4,902,505; 5,506,206,
5,271,961; 5,254,342 and 5,534,496, relevant portions of
each of which are incorporated herein by reference.

Among various uses of the immunoconjugates of the
invention are included a variety of disease conditions caused
by specific human cells that may be eliminated by the toxic
action of the fusion protein. For example, for the humanized
Anti-Langerin antibodies, e.g., 15B10 having ATCC Acces-
sion No. PTA-9852, 2G3 having ATCC Accession No. PTA-
9853, 91E7, 37C1, or 4C7 and binding fragments thereof,
disclosed herein. For example, one application for immuno-
conjugates is the treatment of malignant cells expressing
Langerin. Exemplary malignant cells include those of chronic
lymphocytic leukemia and hairy cell leukemia.

In another embodiment, this invention provides kits for the
delivery of antigens, e.g., Langerin or an immunoreactive
fragment thereof, conjugated or in the form of a fusion protein
with one or more T cell or B cell epitopes. A “biological
sample” as used herein is a sample of biological tissue or fluid
that contains the antigen. Such samples include, but are not
limited to, tissue from biopsy, blood, and blood cells (e.g.,
white cells). Preferably, the cells are lymphocytes, e.g., den-
dritic cells. Biological samples also include sections of tis-
sues, such as frozen sections taken for histological purposes.
A biological sample is typically obtained from a multicellular
eukaryote, preferably amammal such as rat, mouse, cow, dog,
guinea pig, or rabbit, and more preferably a primate, such as
a macaque, chimpanzee, or human. Most preferably, the
sample is from a human. The antibodies of the invention may
also be used in vivo, for example, as a diagnostic tool for in
vivo imaging.

Kits will typically comprise a nucleic acid sequence that
encodes an antibody of the present invention (or binding
fragment thereof) with one or more framework portions or
multiple cloning sites at the carboxy-terminal end into which
the coding sequences for one or more antigens may be
inserted. In some embodiments, the antibody will be a
humanized anti-Langerin Fv fragment, such as an scFv or
dsFv fragment. In addition the kits will typically include
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instructional materials disclosing methods of use of an anti-
body of the present invention (e.g. for loading into dendritic
cells prior to immunization with the dendritic cells, which can
be autologous dendritic cells). The kits may also include
additional components to facilitate the particular application
for which the kit is designed. Thus, for example, the kit may
additionally contain methods of detecting the label (e.g.
enzyme substrates for enzymatic labels, filter sets to detect
fluorescent labels, appropriate secondary labels such as a
sheep anti-mouse-HRP, or the like). The kits may additionally
include buffers and other reagents routinely used for the prac-
tice ofa particular method. Suchkits and appropriate contents
are well known to those of skill in the art.

In another set of uses for the invention, immunoconjugates
targeted by antibodies of the invention can be used to purge
targeted cells from a population of cells in a culture. For
example, if a specific population of T cells is preferred, the
immunoconjugates of the present invention may be used to
enrich a population of T cells having the opposite effect of the
on-going immune response. Thus, for example, cells cultured
from a patient having a cancer can be purged of cancer cells
by providing the patient with dendritic cells that were antigen
loaded using the antibodies of the invention as a targeting
moiety for the antigens that will trigger an immune response
against the cancer, virus or other pathogen. Likewise, the
immunoconjugates can be used to increase the population of
regulatory T cells or drive the immune response toward or
away from a cytotoxic T cell response or even drive a B cell
response.

Differential functions of DC subsets: The present inventors
have demonstrated that LCs and intDCs derived from CD34+
hematopoietic progenitor cells differ in their capacity to acti-
vate lymphocytes (FIG. 1). IntDCs induce the differentiation
of'naive B cells into immunoglobulin-secreting plasma cells
and differentiation of CD4+ T cells into follicular helper T
cells (TFH)'7*®, while LCs are particularly efficient activa-
tors of cytotoxic CD8+ lymphocytes (CTLs). In addition,
only interstitial DCs produce IL.-10 and their enzymatic activ-
ity, which might be fundamental for the selection of peptides
that will be presented to T cells, is not the same. Indeed,
different enzymes are likely to degrade a antigen into differ-
ent peptide repertoires, as shown for HIV nef protein'®. This
will lead to different sets of MHC/peptide complexes being
presented and to a distinct antigen-specific T-cell repertoire.
Dudziak, et al.?° have shown that antigens delivered to DCs
through the subset-specific lectin Dectin-1 were presented
differentially on MHC class I, while those presented through
DEC-205 were mostly on MHC Class I and this difference
was intrinsic to the DC subsets.

DC subsets play an important role in determining CD4+ T
cell responses. Either polarized DCs or distinct DC subsets
provide T cells with different signals that determine the types
of immune response (Type 1 versus Type 2)**. Thus, in mice,
splenic CD8+ DCs prime naive CD4+ T cells to make Thl
cytokines in a process involving I[.-12, whereas splenic
CD8+DCs prime naive CD4+ T cells to make Th2 cytok-
ines®*?*. Furthermore, different signals from the same DCs
can induce different T-cell polarization, as shown by the
induction of I.-12 production and Thl-cell polarization
when DCs are activated with Escherichia coli lipopolysac-
charide (LPS), but no IL.-12 production and Th2-cell polar-
ization when DCs are exposed to LPS from Porphyromonas
gingivalis®*. CD40-ligand (CD40L)-activated DCs prime
Thl responses through an IL-12-dependent mechanism,
whereas pDCs activated with IL-3 and CD40L have been
shown to secrete negligible amounts of IL.-12 and prime Th2
responses>". Soares, et al. also reported that two DC subsets
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that express different lectins have innate propensities to dif-
ferentially affect the Th1/Th2 balance in vivo by distinct
mechanisms. More interestingly, we have found that deliver-
ing the same antigens to the same type of DCs, but through
different DC-receptors, induces a different quality of CD4+ T
cell responses (see preliminary data). Thus, both DC subsets
and activation signals to which DCs are exposed are impor-
tant factors determining the nature of immune outcome.

FIG. 2—Recombinant anti-Langerin antibodies fused to
antigens retain their ability to bind to cell surface Langerin.
CHO-S cells were stably transfected with a plasmid directing
the expression of full-length human Langerin. Pure recombi-
nant anti-Langerin 2G3 or 15B10 mouse V region-human
IgG4 chimeric antibodies or the same antibodies with C-ter-
minal fusions to Influenza A Hemagglutinin HA-1 domain
from Avian Flu (HAS-1), Influenza A Hemagglutinin HA-1
from a HIN1 Flu strain (HA1-1), dockerin domain from C.
thermocellum (doc), HIV gag p24 (gag), or a string of HIV
peptides (HipoS5), were titrated against the Langerin-CHO
cells. After incubation on ice, the cells were washed and
treated with an anti-human Fe-PE reagent. After further incu-
bation on ice, the cells were washed and analyzed on a FACS
Array instrument to determine the amount of cell-bound flo-
rescence (expressed as % MFI compared to untransfected
CHO-S cells).

This data shows that addition of antigen to the H-chain
C-termini does not affect the binding of the antibody to cell
surface Langerin and also demonstrates that these anti-Lan-
gerin antibodies serve as effective vehicles to bring antigen to
the surface of cells bearing human Langerin.

FIG. 3—demonstration of the ability of recombinant anti-
Langerin antibody fused to the human prostate specific can-
cer antigen to elicit the expansion of antigen-specific CD4+ T
cells from a health donor. FIG. 3a compares delivering PSA
to DCs through CD40 and Langerin induces IFNy-producing
PSA-specific CD4+ T cells. CD4+ T cells from healthy
donors were co-cultured with IFNDCs targeted with anti-
CD40-PSA or anti-Langerin-PSA for 8 days. Cells were
stimulated with individual peptides (59 peptides of 15-mers)
of PSA (5 uM). After 2 days, culture supernatants were ana-
lyzed for measuring IFNy. Dotted lines represent upper limits
of'average+SD for no peptides and responses above this line
are considered significant. FIG. 36 shows that CD4+ T cells
were stained for measuring the frequency of peptide-specific
intracellular IFNy+ cells.

These data show that an anti-Langerin vaccine bearing a
cancer antigen can prime a potent antigen-specific anti-CD4+
T cell response in vitro using immune cells from a normal
individual. In this in vitro culture system this agent is as
potent as an anti-CD40 based vaccine—these DCs express
both receptors. In vivo, an anti-Langerin-based vaccine
would target antigen only to Langerhans cells (LCs), and
based on recent research [Immunity, Volume 29, Issue 3,
497-510, 19 Sep. 2008] LCs preferentially induce the difter-
entiation of CD4+ T cells secreting T helper 2 (Th2) cell
cytokines and are particularly efficient at priming and cross
priming naive CD8+ T cells—the latter characteristic is par-
ticularly desirable for evoking anti-cancer CTL responses. In
contrast, anti-CD40 targeting agents would deliver antigen to
a much broader array of APC in vivo.

FIG. 4—demonstration of the ability of recombinant anti-
Langerin antibody fused to the human prostate specific can-
cer antigen to elicit the expansion of antigen-specific CD8+ T
cells from a prostate cancer patient. DCs targeted with anti-
CD40-PSA and anti-Langerin-PSA targeted to DCs induces
PSA-specific CD8+ T cell responses. (a) IFNDCs were tar-
geted with 1 mg mAb fusion proteins with PSA. Purified
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autologous CD8+ T cells were co-cultured for 10 days. Cells
were stained with anti-CD8 and PSA (KLQCVDLHYV (SEQ
ID NO. 44))-tetramer. Cells are from HLLA-A*0201 positive
prostate cancer patients. The PSA tetramer reagent identified
T cells bearing T cell receptors specifically reactive with
HLA-A*0201 complexes bearing the PSA KLQCVDLHV
(SEQ ID NO. 44) peptide.

These data show that an anti-Langerin vaccine bearing a
cancer antigen can prime a potent antigen-specific anti-CD8+
T cell response in vitro using immune cells from a prostate
cancer. In this in vitro culture system this agent is as potent as
a anti-CD40 based vaccine—these DCs express both recep-
tors. In vivo, an anti-Langerin-based vaccine would target
antigen only to Langerhans cells (LCs), and based on recent
research [Immunity, Volume 29, Issue 3, 497-510, 19 Sep.
2008] LCs preferentially induce the differentiation of CD4+
T cells secreting T helper 2 (Th2) cell cytokines and are
particularly efficient at priming and cross priming naive
CD8+ T cells—the latter characteristic is particularly desir-
able for evoking anti-cancer CTL responses. In contrast, anti-
CD40 targeting agents would deliver antigen to a much
broader array of APC in vivo.

FIG. 5—Anti-Langerin preferentially targets epidermal
LCs. Purified skin DC subsets (Epidermal L.Cs, dermal
CDla+ DCs and CD14+ DCs) from HLLA-A201 donor were
cultured with 8 nM anti-Langerin, IgG4 conjugates mAbs,
free FluMP or without antigen for 3 h. Syngeneic purified
CD8+ T cells were cultured with the antigen-pulsed DCs at a
DC/T ratio 1:20. CD40L (100 ng/ml; R&D) was added to the
culture after 24 h. CD40-ligation enhances crosspresentation
by DCs. The cocultures were incubated at 37° C. for 8-10
days. IL-2 (10 U/ml) was added at day 3. The response of
FluMP-specific CD8+ T cells was evaluated using HLA-
A201-FIuMP (58-66) peptide (GILGFVFTL (SEQ ID NO.
43)) tetramer.

The data in panel FIG. 5A: 2D FACs-plots showing
FluMP-specific CD8+ T cell expansion as evaluated by spe-
cific HLA-A201-FluMP (58-66) tetramer staining demon-
strating that targeting antigen via anti-Langerin elicits anti-
gen-specific CD8+ T cell expansion only through L.Cs, which
is more robust than other methods of antigen delivery such as
free FluMP. Some response is induced by the dermal CD1a+
DCs, in concordance with the ability of these cells to upregu-
late Langerin in culture. FIG. 5B summarizes the data in a
graph shows mean+sd, N=3. FIG. 5C. IFN-y levels in the
culture supernatants of human LCs that were culture for 8
days with either Langerin-FluMP, control IgG4-FIuMP, free
FIuMP or no antigen after 8 days.

FIG. 6 shows the differential expression of Langerin by
human skin DCs. FIG. 6A shows the expression of Langerin
on isolated human skin DC subsets. Data show restricted
expression of Langerin on human LCs, but not on dermal
CDla+ or CD14+ DCs. FIG. 6B show a gene expression
analysis of Langerin by skin DCs isolated from 3 different
specimens. RNA was prepared from sorted migrated skin
mDC subsets: epidermal [.Cs, dermal CDla+ DCs and
CD14+ DCs. FIG. 6C shows the immunofluorescent staining
of normal human skin using Langerin and HLA-DR mAbs.

FIG. 7—Anti-Langerin 15B10 antibody (produced by
hybridoma ATCC Accession No. PTA-9852) specifically
stains human Langerhans cells. Human epithelial sheet was
prepared and stained with Alexa568 [red]-labeled anti-Lan-
gerin 15B10 and a commercial anti-HLA antibody labeled
green. The top image shows the red and green image super-
imposed highlighting the co-localization of these two mark-
ers.
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Constructs.

mAnti-Langerin1 5SB10K—Nucleotide and mature protein
amino acid sequence of the light chain of the mouse anti-
Langerin 15B10 antibody cDNA, respectively. The variable
region residues are underlined.

(SEQ ID NO.
ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATGTTCTGGATTCCTG
CTTCCAGCAGTGATGTTGTGATGACCCAAACTCCACTCTCCCTGCC
TGTCCGTCTTGGAGATCAAGCCTCCATCTCTTGCAGATCTAGTCAG
AGCCTTGTACACAGTAATGGAAACACCTATTTACATTGGTACCTGC
AGAAGCCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAA
CCGATTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGG
ACAAATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGATCTGG
GACTTTATTTCTGCTCTCAAAGTACACATGTTCCGTACACGTTCGG
AGGGGGGACCAAGCTGGAAATAAAACGGGCTGATGCTGCACCAACT
GTATCCATCTTCCCACCATCCAGTGAGCAGTTAACATCTGGAGGTG
CCTCAGTCGTGTGCTTCTTGAACAACTTCTACCCCAAAGACATCAA
TGTCAAGTGGAAGATTGATGGCAGTGAACGACAAAATGGCGTCCTG
AACAGTTGGACTGATCAGGACAGCAAAGACAGCACCTACAGCATGA
ACAGCACCCTCACGTTGACCAAGGACGAGTATGAACGACATAACAG
CTATACCTGTGAGGCCACTCACAAGACATCAACTTCACCCATCGTC
AAGAGCTTCAACAGGAATGAGTGTTAG

1)

(SEQ ID NO.
DVVMTQTPLSLPVRLGDQASTI SCRSSQSLVHSNGNTYLHWYLQKPG
QSPKLLIYKVSNRFSGVPDREFSGSGSGTNFTLKISRVEAEDLGLYFE
CSQSTHVPYTFGGGTKLEIKRADAAPTVSIFPPSSEQLTSGGASVV
CFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMNSTL
TLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNEC

mAnti-Langerin1 SB10H-LV-hIgG4H-C—Nucleotide and
mature protein amino acid sequence of the heavy chain vari-
able region of the mouse anti-Langerin 15B10 antibody fused
to human IgG4, respectively. The variable region residues are
underlined.

2)

(SEQ ID NO.
ATGGAATGGAGGATCTTTCTCTTCATCCTGTCAGGAACTGCAGGTGT
CCACTCCCAGGTTCAGCTGCGGCAGTCTGGACCTGAGCTGGTGAAGC
CTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATACACATTT
ACTGACTATGTTATAAGTTGGGTGAAGCAGAGAACTGGACAGGGCCT
TGAGTGGATTGGAGATATTTATCCTGGAAGTGGTTATTCTTTCTACA
ATGAGAACTTCAAGGGCAAGGCCACACTGACTGCAGACAAATCCTCC
ACCACAGCCTACATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGC
GGTCTATTTCTGTGCAACCTACTATAACTACCCTTTTGCTTACTGGG
GCCAAGGGACTCTGGTCACTGTCTCTGCAGCCAAAACAACGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCAC
AGCCGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGA
CGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTC
CCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGT
GACCGTGCCCTCCAGCAGCTTGGGCACGAAGACCTACACCTGCAACG
TAGATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGTCC
AAATATGGTCCCCCATGCCCACCCTGCCCAGCACCTGAGTTCGAAGG
GGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCA
TGATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGC
CAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGA
GGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACAGCA
CGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTG
AACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTC
CTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAGC
CACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACAT
CGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGA
CCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGC
AGGCTAACCGTGGACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTC
ATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACACAGAAGA
GCCTCTCCCTGTCTCTGGGTAAAGCTAGCTGA

(SEQ ID NO.
QVQLRQSGPELVKPGASVKMSCKASGYTFTDYVISWVKORTGQGLEW
IGDIYPGSGYSFYNENFKGKATLTADKSSTTAYMOLSSLTSEDSAVY
FCATYYNYPFAYWGQGTLVTVSAAKTTGPSVFPLAPCSRSTSESTAA
LGCLVKDYFPEPVTVSVVNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGG
PSVFLFPPKYKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEV
HNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSS
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-continued
IEKT ISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVESC
SVMHEALHNHYTQKSLSLSLGKAS

mAnti-Langerin2G3L. (produced by hybridoma ATCC
Accession No. PTA-9853)—Nucleotide and mature protein
amino acid sequence of the light chain of the mouse anti-
Langerin 2G3 antibody cDNA, respectively. The variable
region residues are underlined.

(SEQ ID NO.
ATGGCCTGGATTTCACTTATACTCTCTCTCCTGGCTCTCAGCTCAG
GGGCCATTTCCCAGGCTGTTGTGACTCAGGAATCTGCACTCACCAC
ATCACCTGGTGAAACAGTCACACTCACTTGTCGCTCAAGTACTGGG
GCTGTTACAACTAGTAACTATGCCAACTGGGTCCAAGAAAAACCAG
ATCATTTATTCACTGGTCTAATAGGTGGTACCAACAACCGAGTTTC
AGGTGTTCCTGCCAGATTCTCAGGCTCCCTGATTGGAGACAAGGCT
GCCCTCACCATCACAGGGGCACAGACTGAGGATGAGGCAATATATT
TCTGTGCTCTATGGTACAGCAACCATTGGGTGTTCGGTGGAGGAAC
CAAACTGACTGTCCTAGGCCAGCCCAAGTCTTCGCCATCAGTCACC
CTGTTTCCACCTTCCTCTGAAGAGCTCGAGACTAACAAGGCCACAC
TGGTGTGTACGATCACTGATTTCTACCCAGGTGTGGTGACAGTGGA
CTGGAAGGTAGATGGTACCCCTGTCACTCAGGGTATGGAGACAACC
CAGCCTTCCAAACAGAGCAACAACAAGTACATGGCTAGCAGCTACC
TGACCCTGACAGCAAGAGCATGGGAAAGGCATAGCAGTTACAGCTG
CCAGGTCACTCATGAAGGTCACACTGTGGAGAAGAGTTTGTCCCGT
GCTGACTGTTCCTAG

5)

(SEQ ID NO.
QAVVTQESALTTSPGETVTLTCRSSTGAVTTSNYANWVQEKPDHLET
GLIGGTNNRVSGVPARFSGSLIGDKAALTITGAQTEDEATIYFCALWY
SNHWVFGGGTKLTVLGQPKSSPSVTLFPPSSEELETNKATLVCTITD
FYPGVVTVDWKVDGTPVTQGMET TQPSKQSNNKYMASSYLTLTARAW
ERHSSYSCQVTHEGHTVEKSLSRADCS

6)

mAnti-Langerin2G3H—Nucleotide and mature protein
amino acid sequence of the heavy chain of the mouse anti-
Langerin 2G3 antibody cDNA, respectively. The variable
region residues are underlined.

(SEQ ID NO.
ATGACATTGAACATGCTGTTGGGGCTGAAGTGGGTTTTCTTTGTTGT
TTTTTATCAAGGTGTGCATTGTGAGGTGCAGCTTGTTGAGTCTGGTG
GAGGATTGGTGCAGCCTAAAGGGTCATTGAAACTCTCATGTGCAGCC
TCTGGATTAACCTTCAATATCTACGCCATGAACTGGGTCCGCCAGGC
TCCAGGAAAGGGTTTGGAATGGGTTGCTCGCATAAGAAATAAAAGTA
ATAATTATGCAACATATTATGCCGATTCAGTGAAAGACAGGTTCACC
ATCTCCAGAGATGATTCACAAAGCTTGCTCTATCTGCAAATGAACAA
CTTGAAAACTGAGGACACAGCCATGTATTACTGTGTGGGACGGGACT
GGTTTGATTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCAGCC
AAAACGACACCCCCATCTGTCTATCCACTGGCCCCTGGATCTGCTGC
CCAAACTAACTCCATGGTGACCCTGGGATGCCTGGTCAAGGGCTATT
TCCCTGAGCCAGTGACAGTGACCTGGAACTCTGGATCCCTGTCCAGC
GGTGTGCACACCTTCCCAGCTGTCCTGCAGTCTGACCTCTACACTCT
GAGCAGCTCAGTGACTGTCCCCTCCAGCACCTGGCCCAGCGAGACCG
TCACCTGCAACGTTGCCCACCCGGCCAGCAGCACCAAGGTGGACAAG
AAAATTGTGCCCAGGGATTGTGGTTGTAAGCCTTGCATATGTACAGT
CCCAGAAGTATCATCTGTCTTCATCTTCCCCCCAAAGCCCAAGGATG
TGCTCACCATTACTCTGACTCCTAAGGTCACGTGTGTTGTGGTAGAC
ATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGATGA
TGTGGAGGTGCACACAGCTCAGACGCAACCCCGGGAGGAGCAGTTCA
ACAGCACTTTCCGCTCAGTCAGTGAACTTCCCATCATGCACCAGGAC
TGGCTCAATGGCAAGGAGTTCAAATGCAGGGTCAACAGTGCAGCTTT
CCCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGCAGACCGA
AGGCTCCACAGGTGTACACCATTCCACCTCCCAAGGAGCAGATGGCC
AAGGATAAAGTCAGTCTGACCTGCATGATAACAGACTTCTTCCCTGA
AGACATTACTGTGGAGTGGCAGTGGAATGGGCAGCCAGCGGAGAACT
ACAAGAACACTCAGCCCATCATGGACACAGATGGCTCTTACTTCGTC
TACAGCAAGCTCAATGTGCAGAAGAGCAACTGGGAGGCAGGAAATAC
TTTCACCTGCTCTGTGTTACATGAGGGCCTGCACAACCACCATACTG
AGAAGAGCCTCTCCCACTCTCCTGGTAAAGCTAGCTGA

7)

(SEQ ID NO.
EVQLVESGGGLVQPKGSLKLSCAASGLTFNIYAMNWVRQAPGKGLEW
VARIRNKSNNYATYYADSVKDREFTISRDDSQSLLYLOMNNLKTEDTA
MYYCVGRDWFDYWGQGTLVTVSAAKTTPPSVYPLAPGSAAQTNSMVT

8)
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-continued
LGCLVKGYFPEPVTVTWNSGSLS SGVHTFPAVLOSDLYTLSSSVTVP
SSTWPSETVTCNVAHPASSTKVDKKIVPRDCGCKPCICTVPEVSSVF
IFPPKPKDVLTITLTPKVTCVVVDISKDDPEVQFSWFVDDVEVHTAQ
TQPREEQFNS TFRSVSELP IMHQDWLNGKEFKCRVNSAAFPAPIEKT
ISKTKGRPKAPQVYTIPPPKEQMAKDKVSLTCMI TDFFPEDITVEWQ
WNGQPAENYKNTQPIMDTDGS YFVYSKLNVOKSNWEAGNTFTCSVLH
EGLHNHHTEKSLSHSPGKAS

C84 rAB-pIRES2 [mAnti-Langerin2G3H-LV-hIgG4H-C-
Dockerin] The coding region for this H chain-dockerin fusion
protein is shown below. Start and stop codons are in bold, as
is the joining GCTAGC restriction site.

(SEQ ID NO. 57)
ATGACATTGAACATGCTGTTGGGGCTGAGGTGGGTTTTCTTTGTTGTTTT

TTATCAAGGTGTGCATTGTGAGGTGCAGCTTGTTGAGTCTGGTGGAGGAT
TGGTGCAGCCTAAAGGGTCATTGAAACTCTCATGTGCAGCCTCTGGATTA
ACCTTCAATATCTACGCCATGAACTGGGTCCGCCAGGCTCCAGGAAAGGG
TTTGGAATGGGTTGCTCGCATAAGAAATAAAAGTAATAATTATGCAACAT
ATTATGCCGATTCAGTGAAAGACAGGTTCACCATCTCCAGAGATGATTCA
CAAAGCTTGCTCTATCTGCAAATGAACAACTTGAAAACTGAGGACACAGC
CATGTATTACTGTGTGGGACGGGACTGGTTTGATTACTGGGGCCAAGGGA
CTCTGGTCACTGTCTCTGCAGCCAAAACGAAGGGCCCATCCGTCTTCCCC
CTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGGCTG
CCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAG
GCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGG
CACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGG
TGGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGCCCA
GCACCTGAGTTCGAAGGGGGACCATCAGTCTTCCTGTTCCCCCCARAACC
CAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGG
TGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGAT
GGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAA
CAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGC
TGAACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTCC
TCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCCACA
GGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCA
GCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAG
TGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGT
GCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACA
AGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAG
GCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAA

AGCTAGCAATTCTCCTCAAAATGAAGTACTGTACGGAGATGTGAATGATG

ACGGAAAAGTAAACTCCACTGACTTGACTTTGTTAAAAAGATATGTTCTT

AAAGCCGTCTCAACTCTCCCTTCTTCCAAAGCTGAAAAGAACGCAGATGT

AAATCGTGACGGAAGAGTTAATTCCAGTGATGTCACAATACTTTCAAGAT
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-continued
ATTTGATAAGGGTAATCGAGAAATTACCAATATAA

The mature H chain sequence for C84 heavy chain is shown

below. Joining sequence AS is bold and dockerin is under-
lined.

(SEQ ID NO.

42

-continued
GCCTGACCTGCCTGGTCARAGGCTTCTACCCCAGCGACATCGCCGTGCAG

TGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGT

58)

EVQLVESGGGLVQPKGSLKLSCAASGLTFNIYAMNWVRQAPGKGLEWVARIRNKSNN

YATYYADSVKDRFTISRDDSQSLLYLOQMNNLKTEDTAMYYCVGRDWFDYWGQGTLV

TVSAAKTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPA

VLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFE

GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPRE

EQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLP

PSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLT

VDKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSLGKASNSPONEVLYGDVNDDGKV

NSTDLTLLKRYVLKAVSTLPS SKAEKNADVNRDGRVNSSDVTILSRYLIRVIEKLPT

C85 rAB-pIRES2 [mAnti-Langerin2G3H-LV-hIgG4H-C-
Flex-FluHA1-1-6xHis] The coding region for this H chain-
Flu HA1-1 fusion protein is shown below. Start and stop
codons are in bold, as is the joining GCTAGC restriction site.

(SEQ ID NO. 59)
ATGACATTGAACATGCTGTTGGGGCTGAGGTGGGTTTTCTTTGTTGTTTT

TTATCAAGGTGTGCATTGTGAGGTGCAGCTTGTTGAGT CTGGTGGAGGAT
TGGTGCAGCCTAAAGGGTCATTGAAACTCTCATGTGCAGCCTCTGGATTA
ACCTTCAATATCTACGCCATGAACTGGGTCCGCCAGGCTCCAGGAAAGGG
TTTGGAATGGGTTGCTCGCATAAGAAATAAAAGTAATAATTATGCAACAT
ATTATGCCGATTCAGTGAAAGACAGGTTCACCATCTCCAGAGATGATTCA
CAAAGCTTGCTCTATCTGCAAATGAACAACTTGAAAACTGAGGACACAGC
CATGTATTACTGTGTGGGACGGGACTGGTTTGATTACTGGGGCCAAGGGA
CTCTGGTCACTGTCTCTGCAGCCAAAACGAAGGGCCCATCCGTCTTCCCC
CTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGGCTG
CCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAG
GCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGG
CACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGG
TGGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGCCCA
GCACCTGAGTTCGAAGGGGGACCATCAGTCTTCCTGTTCCCCCCARAACC
CAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGG
TGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGAT
GGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAA
CAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGC
TGAACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTCC
TCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCCACA

GGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCA
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-continued
GCTGGACTCCGACGGCTCCTTCTTCCTC TACAGCAGGCTAACCGTGGACA
AGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAG
GCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAR

AGCTAGCGATACAACAGAACCTGCAACACCTACAACACCTGTAACAACAG

ACACAATATGTATAGGCTACCATGCGAACAATTCAACCGACACTGTTGAC

ACAGTACTCGAGAAGAATGTGACAGTGACACACTCTGTTAACCTGCTCGA

AGACAGCCACAACGGAAAACTATGTAGATTAAAAGGAATAGCCCCACTAC

AATTGGGGAAATGTAACATCGCCGGATGGCTCTTGGGAAACCCAGAATGC

GACCCACTGCTTCCAGTGAGATCATGGTCCTACATTGTAGAAACACCAAR

CTCTGAGAATGGAATATGTTATCCAGGAGATTTCATCGACTATGAGGAGC

TGAGGGAGCAATTGAGCTCAGTGTCATCATTCGAAAGATTCGAAATATTT

CCCAAAGAAAGCTCATGGCCCAACCACAACACAAACGGAGTAACGGCAGC

ATGCTCCCATGAGGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGCTGA

CGGAGAAGGAGGGCTCATACCCAAAGCTGAAAAATTCTTATGTGAACAAA

AAAGGGAAAGAAGTCCTTGTACTGTGGGGTATTCATCACCCGCCTAACAG

TAAGGAACAACAGAATCTCTATCAGAATGAAAATGCTTATGTCTCTGTAG

TGACTTCAAATTATAACAGGAGATTTACCCCGGAAATAGCAGAAAGACCC

AAAGTAAGAGATCAAGCTGGGAGGATGAACTATTACTGGACCTTGCTAAA

ACCCGGAGACACAATAATATTTGAGGCAAATGGAAATCTAATAGCACCAA

TGTATGCTTTCGCACTGAGTAGAGGCTTTGGGTCCGGCATCATCACCTCA

AACGCATCAATGCATGAGTGTAACACGAAGTGTCAAACACCCCTGGGAGC

TATAAACAGCAGTCTCCCTTACCAGAATATACACCCAGTCACAATAGGAG

AGTGCCCAAAATACGTCAGGAGTGCCAAATTGAGGATGGTTCACCATCAC

CATCACCATTGA

The mature H chain sequence for C85 heavy chain is shown
below. Joining sequence AS is bold and Flu HA1-1 is under-
lined. A flexible linker joining sequence is italicized.
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43

(SEQ ID NO.

44

60)

EVQLVESGGGLVQPKGSLKLSCAASGLTFNIYAMNWVRQAPGKGLEWVARIRNKSNN

YATYYADSVKDRFTISRDDSQSLLYLOQMNNLKTEDTAMYYCVGRDWFDYWGQGTLV

TVSAAKTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPA

VLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFE

GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPRE

EQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLP

PSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLT

VDKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSLGKASDTTEPATPTTPVTIDTICIGY

HANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCRLKGIAPLQLGKCNIAGWLLGNP

ECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKES SWPNHN

TNGVTAACSHEGKS SFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNS

KEQONLYONENAYVSVVTSNYNRRFTPEIAERPKVRDOQAGRMNYYWTLLKPGDTIIFE

ANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCOQTPLGAINSSLPYONTIHPVTIGECP

KYVRSAKLRMVHHHHHH

C86 rAB-pIRES2 [mAnti-Langerin2G3H-LV-hIgG4H-C-
Flex-FluHAS-1-6xHis] The coding region for this H chain-
Flu HAS-1 fusion protein is shown below. Start and stop
codons are in bold, as is the joining GCTAGC restriction site.

(SEQ ID NO. 61)
ATGACATTGAACATGCTGTTGGGGCTGAGGTGGGTTTTCTTTGTTGTTTT

TTATCAAGGTGTGCATTGTGAGGTGCAGCTTGTTGAGT CTGGTGGAGGAT
TGGTGCAGCCTAAAGGGTCATTGAAACTCTCATGTGCAGCCTCTGGATTA
ACCTTCAATATCTACGCCATGAACTGGGTCCGCCAGGCTCCAGGAAAGGG
TTTGGAATGGGTTGCTCGCATAAGAAATAAAAGTAATAATTATGCAACAT
ATTATGCCGATTCAGTGAAAGACAGGTTCACCATCTCCAGAGATGATTCA
CAAAGCTTGCTCTATCTGCAAATGAACAACTTGAAAACTGAGGACACAGC
CATGTATTACTGTGTGGGACGGGACTGGTTTGATTACTGGGGCCAAGGGA
CTCTGGTCACTGTCTCTGCAGCCAAAACGAAGGGCCCATCCGTCTTCCCC
CTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGGCTG
CCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAG
GCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGG
CACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGG
TGGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGCCCA
GCACCTGAGTTCGAAGGGGGACCATCAGTCTTCCTGTTCCCCCCARAACC
CAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGG
TGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGAT
GGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAA
CAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGC

TGAACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTCC
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-continued
TCCATCGAGAAAACCATCTCCAAAGCCARAGGGCAGCCCCGAGAGCCACA

GGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCA
GCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAG
TGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGT
GCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACA
AGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAG
GCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAA

AGCTAGCGATACAACAGAACCTGCAACACCTACAACACCTGTAACAACAG

ATCAGATTTGCATTGGTTACCATGCAAACAACTCGACAGAGCAGGTTGAC

ACAATAATGGAAAAGAACGTTACTGTTACACATGCCCAAGACATACTGGA

AAAGAAACACAACGGGAAGCTCTGCGATCTAGATGGAGTGAAGCCTCTAA

TTTTGAGAGATTGTAGCGTAGCTGGATGGCTCCTCGGAAACCCAATGTGT

GACGAATTCATCAATGTGCCGGAATGGTCTTACATAGTGGAGAAGGCCAA

TCCAGTCAATGACCTCTGTTACCCAGGGGATTTCAATGACTATGAAGAAT

TGAAACACCTATTGAGCAGAATAAACCATTTTGAGAAAATTCAGATCATC

CCCAARAGTTCTTGGTCCAGTCATGAAGCCTCATTAGGGGTGAGCTCAGC

ATGTCCATACCAGGGAAAGTCCTCCTTTTTCAGAAATGTGGTATGGCTTA

TCAAAAAGAACAGTACATACCCAACAATAAAGAGGAGCTACAATAATACC

AACCAAGAAGATCTTTTGGTACTGTGGGGGATTCACCATCCTAATGATGC

GGCAGAGCAGACAAAGCTCTATCAAAACCCAACCACCTATATTTCCGTTG

GGACATCAACACTAAACCAGAGATTGGTACCAAGAATAGCTACTAGATCC

AAAGTAAACGGGCAAAGTGGAAGGATGGAGTTCTTCTGGACAATTTTAAA

GCCGAATGATGCAATCAACTTCGAGAGTAATGGAAATTTCATTGCTCCAG

AATATGCATACAAAATTGTCAAGAAAGGGGACTCAACAATTATGAAAAGT

GAATTGGAATATGGTAACTGCAACACCAAGTGTCAAACTCCAATGGGGGC
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45

-continued

46

-continued

GCACCTGAGTTCGAAGGGGGACCATCAGTCTTCCTGTTCCCCCCARAACC

GATAAACTCTAGCATGCCATTCCACAATATACACCCTCTCACCATTGGGG

CAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGG

AATGCCCCAAATATGTGAAATCAAACAGATTAGTCCTTGCGCACCATCAC

5 TGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGAT

CATCACCATTGA

GGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAA

The mature H chain sequence for C86 heavy chain is shown
below. Joining sequence AS is bold and Flu HAS-1 is under-
lined. A flexible linker joining sequence is italicized.

(SEQ ID NO.

EVQLVESGGGLVQPKGSLKLSCAASGLTFNIYAMNWVRQAPGKGLEWVARIRNKSNN
YATYYADSVKDRFTISRDDSQSLLYLOQMNNLKTEDTAMYYCVGRDWFDYWGQGTLV
TVSAAKTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFE
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPRE
EQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLP
PSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLT
VDKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSLGKASDTTEPATPTTPVTTDQICIGY

HANNSTEQVDTIMEKNVTVTHAQDI LEKKHNGKLCDLDGVKPLILRDCSVAGWLLGN

PMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFEKIQITPKSSWSS

HEASLGVSSACPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPND

AAEQTKLYONPTTYISVGTSTLNORLVPRIATRSKVNGOSGRMEFFWTILKPNDAINFES

NGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCOQTPMGAINSSMPFHNIHPLTIGECP

62)

CAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGC

KYVKSNRLVLAHHHHHH

C804  rAB-cetHS-puro  [mAnti-Langerin2G3H-LV-
higGK-C-Flex-hPSA] The coding region for this H chain-
PSA fusion protein is shown below. Start and stop codons are
in bold, as is the joining GCTAGC restriction site.

(SEQ ID NO. 63)
ATGACATTGAACATGCTGTTGGGGCTGAAGTGGGTTTTCTTTGTTGTTTT

TTATCAAGGTGTGCATTGTGAGGTGCAGCTTGTTGAGT CTGGTGGAGGAT
TGGTGCAGCCTAAAGGGTCATTGAAACTCTCATGTGCAGCCTCTGGATTA
ACCTTCAATATCTACGCCATGAACTGGGTCCGCCAGGCTCCAGGAAAGGG
TTTGGAATGGGTTGCTCGCATAAGAAATAAAAGTAATAATTATGCAACAT
ATTATGCCGATTCAGTGAAAGACAGGTTCACCATCTCCAGAGATGATTCA
CAAAGCTTGCTCTATCTGCAAATGAACAACTTGAAAACTGAGGACACAGC
CATGTATTACTGTGTGGGACGGGACTGGTTTGATTACTGGGGCCAAGGGA
CTCTGGTCACTGTCTCTGCAGCCAAAACGAAGGGCCCATCCGTCTTCCCC
CTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGGCTG
CCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAG
GCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGG
CACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGG

TGGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGCCCA
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-continued
TGAACGGCAAGGAGTACAAGTGCAAGGT CTCCAACARAGGCCTCCCGTCC
TCCATCGAGAAAACCATCTCCARAGCCARAGGGCAGCCCCGAGAGCCACA
GGTGTACACCCTGCCCCCATCCCAGGAGGAGATGAC CAAGAACCAGGTCA
GCCTGACCTGCCTGGTCARAGGCTTCTACCCCAGCGACATCGCCGTGCAG
TGGCAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGT
GCTGGACTCCGACGGCTCCTTCTTCCTC TACAGCAGGCTAACCGTGGACA
AGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAG
GCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAR

AGCTAGCGATACAACAGAACCTGCAACACCTACAACACCTGTAACAACAC

CGACAACAACACTTCTAGCGCCCCTCATCCTGTCTCGGATTGTGGGAGGC

TGGGAGTGCGAGAAGCATTCCCAACCCTGGCAGGTGCTTGTGGCCTCTCG

TGGCAGGGCAGTCTGCGGCGGTGTTCTGGTGCACCCCCAGTGGGTCCTCA

CAGCTGCCCACTGCATCAGGAACAAAAGCGTGATCTTGCTGGGTCGGCAC

AGCCTGTTTCATCCTGAAGACACAGGCCAGGTATTTCAGGTCAGCCACAG

CTTCCCACACCCGCTCTACGATATGAGCCTCCTGAAGAATCGATTCCTCA

GGCCAGGTGATGACTCCAGCCACGACCTCATGCTGCTCCGCCTGTCAGAG

CCTGCCGAGCTCACGGATGCTGTGAAGGTCATGGACCTGCCCACCCAGGA

GCCAGCACTGGGGACCACCTGCTACGCCTCAGGCTGGGGCAGCATTGAAC
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-continued
CAGAGGAGTTCTTGACCCCAARGAAACTTCAGTGTGTGGACCTCCATGTT

ATTTCCAATGACGTGTGTGCGCAAGTTCACCCTCAGAAGGTGACCAAGTT

CATGCTGTGTGCTGGACGCTGGACAGGGGGCAAAAGCACCTGCTCGGGTG

ATTCTGGGGGCCCACTTGTCTGTAATGGTGTGCTTCAAGGTATCACGTCA

TGGGGCAGTGAACCATGTGCCCTGCCCGAAAGGCCTTCCCTGTACACCAA

48

-continued
TCAGGACTCTACTCCCTCAGCAGCGTGETGACCGTGCCCTCCAGCAGCTT

GGGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCA
AGGTGGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGC
CCAGCACCTGAGTTCGAAGGGGGACCATCAGTCTTCCTGTTCCCCCCAAA

ACCCAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTGG

GGTGGTGCATTACCGGAAGTGGATCAAGGACACCATCETEGCCAACCCCT 10 TGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCARCTGETACGTG
GA GATGGCGTGGAGGTGCATAATGC CAAGACARAGCCGCGGCAGGAGCAGTT
The mature H chain sequence for C804 heavy chain is CARCAGCACGTACCGTGTGGT CAGCGTCCTCACCGT CCTGCACCAGGACT
shown below. Joining sequence AS is bold and PSA is under-
lined. A flexible linker joining sequence is italicized.
(SEQ ID NO. 64)

EVQLVESGGGLVQPKGSLKLSCAASGLTFNIYAMNWVRQAPGKGLEWVARIRNKSNN

YATYYADSVKDRFTISRDDSQSLLYLOQMNNLKTEDTAMYYCVGRDWFDYWGQGTLV

TVSAAKTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFE
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPRE
EQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLP
PSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLT
VDKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSLGKASDTTEPATPTTPVTTPTTTLLAP

LILSRIVGGWECEKHSQPWOVLVASRGRAVCGGVLVHPOWVLTAAHCIRNKSVILLGR

HSLFHPEDTGQVFQVSHSFPHPLYDMSLLKNRFLRPGDDS SHDLMLLRLSEPAELTDAV

KVMDLPTQEPALGTTCYASGWGSIEPEEFLTPKKLQCVDLHVI SNDVCAQVHPOKVTK

FMLCAGRWTGGKSTCSGDSGGPLVCNGVLOGI TSWGSEPCALPERPSLYTKVVHYRK

WIKDTIVANP

C87 rAB-pIRES2 [mAnti-Langerinl SB10H-SLAML-V-
hlgG4H-Flex-FluHAS-1-6xHis] The coding region for this H
chain-Flu HAS5-1 fusion protein is shown below. Start and
stop codons are in bold, as is the joining GCTAGC restriction
site.

(SEQ ID NO. 65)
ATGGACCCCAAAGGCTCCCTTTCCTGGAGAATACTTCTGTTTCTCTCCCT

GGCTTTTGAGTTGTCGTACGGACAGGTTCAGCTGCGGCAGTCTGGACCTG
AGCTGGTGAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGA
TACACATTTACTGACTATGTTATAAGT TGGGTGAAGCAGAGAACTGGACA
GGGCCTTGAGTGGATTGGAGATATTTATCCTGGAAGTGGTTATTCTTTCT
ACAATGAGAACTTCAAGGGCAAGGCCACACTGACTGCAGACAAATCCTCC
ACCACAGCCTACATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGCGGT
CTATTTCTGTGCAACCTACTATAACTACCCTTTTGCTTACTGGGGCCAAG
GGACTCTGGTCACTGTCTCTGCAGCCAAAACAACGGGCCCATCCGTCTTC
CCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGG
CTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACT

CAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCC
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-continued
GGCTGAACGGCAAGGAGTACAAGTGCAAGGTC TCCAACAAAGGCCTCCCE

TCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCC
ACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGG
TCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTG
GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCC
CGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGG
ACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCAT
GAGGCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGG

TAAAGCTAGCGATACAACAGAACCTGCAACACCTACAACACCTGTAACAA

CAGATCAGATTTGCATTGGTTACCATGCAAACAACTCGACAGAGCAGGTT

GACACAATAATGGAAAAGAACGTTACTGTTACACATGCCCAAGACATACT

GGAAAAGAAACACAACGGGAAGCTCTGCGATCTAGATGGAGTGAAGCCTC

TAATTTTGAGAGATTGTAGCGTAGCTGGATGGCTCCTCGGAAACCCAATG

TGTGACGAATTCATCAATGTGCCGGAATGGTCTTACATAGTGGAGAAGGC

CAATCCAGTCAATGACCTCTGTTACCCAGGGGATTTCAATGACTATGAAG

AATTGAAACACCTATTGAGCAGAATAAACCATTTTGAGAAAATTCAGATC
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49

-continued
ATCCCCAAAAGTTCTTGGTCCAGTCATGAAGCCTCATTAGGGGTGAGCTC

AGCATGTCCATACCAGGGAAAGTCCTCCTTTTTCAGAAATGTGGTATGGC

TTATCAAAAAGAACAGTACATACCCAACAATAAAGAGGAGCTACAATAAT

ACCAACCAAGAAGATCTTTTGGTACTGTGGGGGATTCACCATCCTAATGA

TGCGGCAGAGCAGACAAAGCTCTATCAAAACCCAACCACCTATATTTCCG

TTGGGACATCAACACTAAACCAGAGATTGGTACCAAGAATAGCTACTAGA

TCCAAAGTAAACGGGCAAAGTGGAAGGATGGAGTTCTTCTGGACAATTTT

AAAGCCGAATGATGCAATCAACTTCGAGAGTAATGGAAATTTCATTGCTC

CAGAATATGCATACAAAATTGTCAAGAAAGGGGACTCAACAATTATGAAL

AGTGAATTGGAATATGGTAACTGCAACACCAAGTGTCAAACTCCAATGGG

GGCGATAAACTCTAGCATGCCATTCCACAATATACACCCTCTCACCATTG

GGGAATGCCCCAAATATGTGAAATCAAACAGATTAGTCCTTGCGCACCAT

CACCATCACCATTGA

The mature H chain sequence for C87 heavy chain is shown

below. Joining sequence AS is bold and Flu HAS-1 is under-
lined.

(SEQ ID NO.

10

15

20

50

-continued

ACCACAGCCTACATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGCGGT
CTATTTCTGTGCAACCTACTATAACTACCCTTTTGCTTACTGGGGCCAAG
GGACTCTGGTCACTGTCTCTGCAGCCAAAACAACGGGCCCATCCGTCTTC
CCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGG
CTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACT
CAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCC
TCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTT
GGGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCA
AGGTGGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGC
CCAGCACCTGAGTTCGAAGGGGGACCATCAGTCTTCCTGTTCCCCCCAAA
ACCCAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTGG
TGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTG
GATGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTT

CAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACT

66)

QVQLRQSGPELVKPGASVKMSCKASGYTFTDYVISWVKQORTGQGLEWIGDIYPGSGYS

FYNENFKGKATLTADKSSTTAYMQLSSLTSEDSAVYFCATYYNYPFAYWGQGTLVTVS

AAKTTGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ

SSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGP

SVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF

NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQ

EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDK

SRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASDTTEPATPTTPVTTDQICIGYHAN

NSTEQVDTIMEKNVTVTHAQDILEKKHNGKLCDLDGVKPLILRDCSVAGWLLGNPMC

DEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFEKIQI IPKSSWSSHEAS

LGVSSACPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAE

QTKLYONPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGN

FIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKYV

KSNRLVLAHHHHHH

C88 rAB-pIRES2 [mAnti-Langerinl SB10H-SLAML-V-
hlgG4H-C-Dockerin] The coding region for this H chain-
dockerin fusion protein is shown below. Start and stop codons
are in bold, as is the joining GCTAGC restriction site.

(SEQ ID NO. 67)
ATGGACCCCAAAGGCTCCCTTTCCTGGAGAATACTTCTGTTTCTCTCCCT

GGCTTTTGAGTTGTCGTACGGACAGGTTCAGCTGCGGCAGTCTGGACCTG
AGCTGGTGAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGA
TACACATTTACTGACTATGTTATAAGT TGGGTGAAGCAGAGAACTGGACA
GGGCCTTGAGTGGATTGGAGATATTTATCCTGGAAGTGGTTATTCTTTCT

ACAATGAGAACTTCAAGGGCAAGGCCACACTGACTGCAGACAAATCCTCC
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-continued
GGCTGAACGGCAAGGAGTACAAGTGCAAGGTC TCCAACAAAGGCCTCCCE
TCCTCCATCGAGAAAACCATC TCCARAGCCAAAGGGCAGCCCCGAGAGCT
ACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGE
TCAGCCTGACCTGCCTGGTCARAGGCTTCTACCCCAGCGACATCGCCGTG
GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACARGACCACGCCTCC
CGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGG
ACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCAT
GAGGCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGE

TAAAGCTAGCAATTCTCCTCAAAATGAAGTACTGTACGGAGATGTGAATG
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51
-continued

ATGACGGAAAAGTAAACTCCACTGACTTGACTTTGTTAAAAAGATATGTT

CTTAAAGCCGTCTCAACTCTCCCTTCTTCCAAAGCTGAAAAGAACGCAGA

TGTAAATCGTGACGGAAGAGTTAATTCCAGTGATGTCACAATACTTTCAA

GATATTTGATAAGGGTAATCGAGAAATTACCAATATAA

The mature H chain sequence for C88 heavy chain is shown
below. Joining sequence AS is bold and dockerin is shaded
grey. A flexible linker joining sequence is underlined.

(SEQ ID NO.

10

52

-continued
CAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACT
GGCTGAACGGCAAGGAGTACAAGTGCAAGGTCTCCAACARAGGCCTCCCG
TCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGECAGCCCCGAGAGCC
ACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGE

TCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTG

68)

QVQLRQSGPELVKPGASVKMSCKASGYTFTDYVISWVKQORTGQGLEWIGDIYPGSGYS

FYNENFKGKATLTADKSSTTAYMQLSSLTSEDSAVYFCATYYNYPFAYWGQGTLVTVS

AAKTTGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ

SSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGP

SVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF

NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQ

EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDK

SRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASNSPONEVLYGDVNDDGKVNSTD

LTLLKRYVLKAVSTLPSSKAEKNADVNRDGRVNSSDVTILSRYLIRVIEKLPI

C89 rAB-pIRES2[mAnti-Langerinl SB10H-SLAML-V-
hlgG4H-Flex-FluHA1-1-6xHis] The coding region for this H
chain-Flu HA1-1 fusion protein is shown below. Start and
stop codons are in bold, as is the joining GCTAGC restriction
site.

(SEQ ID NO. 69)
ATGGACCCCAAAGGCTCCCTTTCCTGGAGAATACTTCTGTTTCTCTCCCT

GGCTTTTGAGTTGTCGTACGGACAGGTTCAGCTGCGGCAGTCTGGACCTG
AGCTGGTGAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGA
TACACATTTACTGACTATGTTATAAGT TGGGTGAAGCAGAGAACTGGACA
GGGCCTTGAGTGGATTGGAGATATTTATCCTGGAAGTGGTTATTCTTTCT
ACAATGAGAACTTCAAGGGCAAGGCCACACTGACTGCAGACAAATCCTCC
ACCACAGCCTACATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGCGGT
CTATTTCTGTGCAACCTACTATAACTACCCTTTTGCTTACTGGGGCCAAG
GGACTCTGGTCACTGTCTCTGCAGCCAAAACAACGGGCCCATCCGTCTTC
CCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGG
CTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACT
CAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCC
TCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTT
GGGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCA
AGGTGGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGC
CCAGCACCTGAGTTCGAAGGGGGACCATCAGTCTTCCTGTTCCCCCCAAA
ACCCAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTGG
TGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTG

GATGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTT
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-continued
GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACARGACCACGCCTCC

CGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGG
ACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCAT
GAGGCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGG

TAAAGCTAGCGATACAACAGAACCTGCAACACCTACAACACCTGTAACAA

CAGACACAATATGTATAGGCTACCATGCGAACAATTCAACCGACACTGTT

GACACAGTACTCGAGAAGAATGTGACAGTGACACACTCTGTTAACCTGCT

CGAAGACAGCCACAACGGAAAACTATGTAGATTAAAAGGAATAGCCCCAC

TACAATTGGGGAAATGTAACATCGCCGGATGGCTCTTGGGAAACCCAGAA

TGCGACCCACTGCTTCCAGTGAGATCATGGTCCTACATTGTAGAAACACC

AAACTCTGAGAATGGAATATGTTATCCAGGAGATTTCATCGACTATGAGG

AGCTGAGGGAGCAATTGAGCTCAGTGTCATCATTCGAAAGATTCGAAATA

TTTCCCAAAGAAAGCTCATGGCCCAACCACAACACAAACGGAGTAACGGC

AGCATGCTCCCATGAGGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGC

TGACGGAGAAGGAGGGCTCATACCCAAAGCTGAAAAATTCTTATGTGAAC

AAAAAAGGGAAAGAAGTCCTTGTACTGTGGGGTATTCATCACCCGCCTAA

CAGTAAGGAACAACAGAATCTCTATCAGAATGAAAATGCTTATGTCTCTG

TAGTGACTTCAAATTATAACAGGAGATTTACCCCGGAAATAGCAGAAAGA

CCCAAAGTAAGAGATCAAGCTGGGAGGATGAACTATTACTGGACCTTGCT

AAAACCCGGAGACACAATAATATTTGAGGCAAATGGAAATCTAATAGCAC

CAATGTATGCTTTCGCACTGAGTAGAGGCTTTGGGTCCGGCATCATCACC

TCAAACGCATCAATGCATGAGTGTAACACGAAGTGTCAAACACCCCTGGG

AGCTATAAACAGCAGTCTCCCTTACCAGAATATACACCCAGTCACAATAG
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53

-continued

GAGAGTGCCCAAAATACGT CAGGAGTGCCAAATTGAGGATGGTTCACCAT

CACCATCACCATTGA

The mature H chain sequence for C89 heavy chain is shown
below. Joining sequence AS is bold and Flu HA1-1 is under-
lined. A flexible linker joining sequence is italicized.

(SEQ ID NO.

54

-continued
ACCCAAGGACACTCTCATGAT CTCCCGGACCCCTGAGETCACGTGCETGE

TGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTG
GATGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTT

CAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACT

70)

QVQLRQSGPELVKPGASVKMSCKASGYTFTDYVISWVKQORTGQGLEWIGDIYPGSGYS

FYNENFKGKATLTADKSSTTAYMQLSSLTSEDSAVYFCATYYNYPFAYWGQGTLVTVS

AAKTTGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGP
SVFLEPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQ
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDK
SRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASDTTEPATPTTPVTIDTICIGYHAN

NSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCRLKGIAPLOLGKCNIAGWLLGNPECD

PLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKES SWPNHNTN

GVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKE

QONLYONENAYVSVVTSNYNRRFTPEIAERPKVRDOQAGRMNYYWTLLKPGDTI IFEAN

GNLIAPMYAFALSRGEGSGIITSNASMHECNTKCOTPLGAINSSLPYONIHPVTIGECPKY

VRSAKLRMVHHHHHH

C246 rAB-pIRES2[mAnti-Langerinl SB10H-SLAML-V-
hlgG4H-Viralgag] The coding region for this H chain-gag
fusion protein is shown below. Start and stop codons are in
bold, as is the joining GCTAGC restriction site.

(SEQ ID NO. 71)
ATGGACCCCAAAGGCTCCCTTTCCTGGAGAATACTTCTGTTTCTCTCCCT

GGCTTTTGAGTTGTCGTACGGACAGGTTCAGCTGCGGCAGTCTGGACCTG
AGCTGGTGAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGA
TACACATTTACTGACTATGTTATAAGT TGGGTGAAGCAGAGAACTGGACA
GGGCCTTGAGTGGATTGGAGATATTTATCCTGGAAGTGGTTATTCTTTCT
ACAATGAGAACTTCAAGGGCAAGGCCACACTGACTGCAGACAAATCCTCC
ACCACAGCCTACATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGCGGT
CTATTTCTGTGCAACCTACTATAACTACCCTTTTGCTTACTGGGGCCAAG
GGACTCTGGTCACTGTCTCTGCAGCCAAAACAACGGGCCCATCCGTCTTC
CCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGG
CTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACT
CAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCC
TCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTT
GGGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCA
AGGTGGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTGC

CCAGCACCTGAGTTCGAAGGGGGACCATCAGTCTTCCTGTTCCCCCCAAA
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-continued

GGCTGAACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCTCCCG
TCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCC
ACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGG
TCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTG
GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCC
CGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGG
ACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCAT
GAGGCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGG

TAAAGCTAGCGACATGGCCAAGAAGGAGACAGTCTGGAGGCTCGAGGAGT

TCGGTAGGCCTATAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCC

ATATCACCTAGAACTTTAAATGCATGGGTAAAAGTAGTAGAAGAGAAGGC

TTTCAGCCCAGAAGTAATACCCATGTTTTCAGCATTATCAGAAGGAGCCA

CCCCACAAGATTTAAACACCATGCTAAACACAGTGGGGGGACATCAAGCA

GCCATGCAAATGTTAAAAGAGACCATCAATGAGGAAGCTGCAGAATGGGA

TAGAGTACATCCAGTGCATGCAGGGCCTATTGCACCAGGCCAGATGAGAG

AACCAAGGGGAAGTGACATAGCAGGAACTACTAGTACCCTTCAGGAACAA

ATAGGATGGATGACAAATAATCCACCTATCCCAGTAGGAGAAATTTATAA

AAGATGGATAATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTA

CCAGCATTCTGGACATAAGACAAGGACCAAAAGAACCTTTTAGAGACTAT
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55

-continued
GTAGACCGGTTCTATAAAACTCTAAGAGCCGAGCAAGCTTCACAGGAGGT

AAAAAATTGGATGACAGAAACCTTGTTGGTCCAAAATGCGAACCCAGATT

GTAAGACTATTTTAAAAGCATTGGGACCAGCGGCTACACTAGAAGAAATG

ATGACAGCATGTCAGGGAGTAGGAGGACCCGGCCATAAGGCAAGAGTTTT

GTGA

The mature H chain sequence for C89 heavy chain is shown
below. Joining sequence AS is bold and Gag p24 is under-
lined. A flexible linker joining sequence is italicized.

10

(SEQ ID NO.

56

-continued

GATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGG
AAGACCCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCAT
AATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGT
GGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGT
ACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAAACC

ATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCCACAGGTGTACACCCTGCC

72)

QVQLRQSGPELVKPGASVKMSCKASGYTFTDYVISWVKQORTGQGLEWIGDIYPGSGYS

FYNENFKGKATLTADKSSTTAYMQLSSLTSEDSAVYFCATYYNYPFAYWGQGTLVTVS

AAKTTGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ

SSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGP

SVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF

NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQ

EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDK

SRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASDMAKKETVWRLEEFGRPIVONIQ

GOMVHOAT SPRTLNAWVKVVEEKAFSPEVIPMFSALSEGATPODLNTMLNTVGGHQA

AMOMLKETINEEAAEWDRVHPVHAGPIAPGOMREPRGSDIAGTTSTLOEQIGWMTNNP

PIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKN

WMTETLLVONANPDCKTILKALGPAATLEEMMTACQGVGGPGHKARVL

C742 rAB-cetHS-puro [mAnti-Langerinl SB10H-LV-
hlgG4H-C-Flex-hPSA] The coding region for this H chain-
PSA fusion protein is shown below. Start and stop codons are
in bold, as is the joining GCTAGC restriction site.

(SEQ ID NO. 73)
ATGGAATGGAGGATCTTTCTCTTCATCCTGTCAGGAACTGCAGGTGTCCA

CTCCCAGGTTCAGCTGCGGCAGTCTGGACCTGAGCTGGTGAAGCCTGGGG
CTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATACACATTTACTGACTAT
GTTATAAGTTGGGTGAAGCAGAGAACTGGACAGGGCCTTGAGTGGATTGG
AGATATTTATCCTGGAAGTGGTTATTCTTTCTACAATGAGAACTTCAAGG
GCAAGGCCACACTGACTGCAGACAAATCCTCCACCACAGCCTACATGCAG
CTCAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTTCTGTGCAACCTA
CTATAACTACCCTTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCT
CTGCAGCCAAAACAACGGGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC
AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGCTGCCTGGTCAAGGACTA
CTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCG
GCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTC
AGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACGAAGACCTACAC
CTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTG
AGTCCAAATATGGTCCCCCATGCCCACCCTGCCCAGCACCTGAGTTCGAA

GGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCAT
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-continued

CCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGG
TCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGG
CAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGG
CTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAGAGCAGGTGGCAGG
AGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCAC
TACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAAGCTAGCGATACAAC

AGAACCTGCAACACCTACAACACCTGTAACAACACCGACAACAACACTTC

TAGCGCCCCTCATCCTGTCTCGGATTGTGGGAGGCTGGCGAGTGCGAGAAG

CATTCCCAACCCTGGCAGGTGCTTGTGGCCTCTCGTGGCAGGGCAGTCTG

CGGCGETGTTCTGGTGCACCCCCAGTGGGTCCTCACAGCTGCCCACTGCA

TCAGGAACAAAAGCGTGATCTTGCTGGGTCGGCACAGCCTGTTTCATCCT

GAAGACACAGGCCAGGTATTTCAGGTCAGCCACAGCTTCCCACACCCGCT

CTACGATATGAGCCTCCTGAAGAATCGATTCCTCAGGCCAGGTGATGACT

CCAGCCACGACCTCATGCTGCTCCGCCTGTCAGAGCCTGCCGAGCTCACG

GATGCTGTGAAGGTCATGGACCTGCCCACCCAGGAGCCAGCACTGGGGAC

CACCTGCTACGCCTCAGGCTGGGGCAGCATTGAACCAGAGGAGTTCTTGA

CCCCARAAGAAACTTCAGTGTGTGGACCTCCATGTTATTTCCAATGACGTG

TGTGCGCAAGTTCACCCTCAGAAGGTGACCAAGTTCATGCTGTGTGCTGG

ACGCTGGACAGGGGGCAAAAGCACCTGCTCGGGTGATTCTGGGGGCCCAC
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57

-continued

TTGTCTGTAATGGTGTGCTTCAAGGTATCACGTCATGGGGCAGTGAACCA

TGTGCCCTGCCCGAAAGGCCTTCCCTGTACACCAAGGTGGTGCATTACCG

GAAGTGGATCAAGGACACCATCGTGGCCAACCCCTGA

The mature H chain sequence for C742 heavy chain is
shown below. Joining sequence AS is bold and PSA is under-
lined. A flexible linker joining sequence is italicized.

58

-continued

GGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCAT
GATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGG
AAGACCCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCAT

AATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGT

(SEQ ID NO. 74)
QVQLRQSGPELVKPGASVKMS CKASGYTFTDYVISWVKQRTGQGLEWIGDI YPGSGYS

FYNENFKGKATLTADKSSTTAYMQLSSLTSEDSAVYFCATYYNYPFAYWGQGTLVTVS

AAKTTGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ

SSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGP

SVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF

NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQ

EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDK

SRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASDTTEPATPTTPVTTPTTTLLAPLILS

RIVGGWECEKHSQPWOVLVASRGRAVCGGVLVHPOWVLTAAHCTIRNKSVILLGRHSL

FHPEDTGQVFQVSHSFPHPLYDMSLLKNRFLRPGDDSSHDLMLLRLSEPAELTDAVKV

MDLPTQEPALGTTCYASGWGSIEPEEFLTPKKLQCVDLHVISNDVCAQVHPQKVTKFM

LCAGRWTGGKSTCSGDSGGPLVCNGVLOGI TSWGSEPCALPERPSLY TKVVHYRKWIK

DTIVANP

C1011 rAB-cetHS-puro [mAnti-LangerinlSB10H-LV-
hlgG4H-C-Flex-v1-Pep-gagl 7-f1-gag253-2-nef116-f3-
nef66-f4-pol158] ak.a. Anti-Langerin1 SB10H-HIPOS. The
coding region for this H chain-HIV peptides fusion protein is
shown below. Start and stop codons are in bold, as is the
joining GCTAGT restriction site.

(SEQ ID NO. 75)
ATGGAATGGAGGATCTTTCTCTTCATCCTGTCAGGAACTGCAGGTGTCCA

CTCCCAGGTTCAGCTGCGGCAGTCTGGACCTGAGCTGGTGAAGCCTGGGG
CTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATACACATTTACTGACTAT
GTTATAAGTTGGGTGAAGCAGAGAACTGGACAGGGCCTTGAGTGGATTGG
AGATATTTATCCTGGAAGTGGTTATTCTTTCTACAATGAGAACTTCAAGG
GCAAGGCCACACTGACTGCAGACAAATCCTCCACCACAGCCTACATGCAG
CTCAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTTCTGTGCAACCTA
CTATAACTACCCTTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCT
CTGCAGCCAAAACAACGGGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCC
AGGAGCACCTCCGAGAGCACAGCCGCCCTGGGCTGCCTGGTCAAGGACTA
CTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCG
GCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTC
AGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACGAAGACCTACAC
CTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTG

AGTCCAAATATGGTCCCCCATGCCCACCCTGCCCAGCACCTGAGTTCGAA
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GGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGT

ACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAAACC
ATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCCACAGGTGTACACCCTGCC
CCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGG
TCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGG
CAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGG
CTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAGAGCAGGTGGCAGG
AGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCAC
TACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAAGCTAGTCAGACCCC

CACCAACACCATCAGCGTGACCCCCACCAACAACAGCACCCCCACCAACA

ACAGCAACCCCAAGCCCAACCCCGCTAGTGAGAAGATCCGGCTGCGGCCC

GGCGGCAAGAAGAAGTACAAGCTGAAGCACATCGTGGCTAGTAGCAGCGT

GAGCCCCACCACCAGCGTGCACCCCACCCCCACCAGCGTGCCCCCCACCC

CCACCAAGAGCAGCCCCGCTAGTAACCCCCCCATCCCCGTGGGCGAGATC

TACAAGCGGTGGATCATCCTGGGCCTGAACAAGATCGTGCGGATGTACAG

CCCCACCAGCATCCTGGACGCTAGTCCCACCAGCACCCCCGCCGACAGLCA

GCACCATCACCCCCACCGCCACCCCCACCGCCACCCCCACCATCAAGGGC

GCTAGTCACACCCAGGGCTACTTCCCCGACTGGCAGAACTACACCCCCGG

CCCCGGCGETGCGGTACCCCCTGACCTTCGGCTGGCTGTACAAGCTGGCTA

GTACCGTGACCCCCACCGCCACCGCCACCCCCAGCGCCATCGTGACCACC
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-continued

ATCACCCCCACCGCCACCACCAAGCCCGCTAGTGTGGGCTTCCCCGTGAC

CCCCCAGGTGCCCCTGCGGCCCATGACCTACAAGGCCGCCGTGGACCTGA

GCCACTTCCTGAAGGAGAAGGGCGGCCTGGCTAGTACCAACGGCAGCATC

ACCGTGGCCGCCACCGCCCCCACCGTGACCCCCACCGTGAACGCCACCCC

CAGCGCCGCCGCTAGTGCCATCTTCCAGAGCAGCATGACCAAGATCCTGG

AGCCCTTCCGGAAGCAGAACCCCGACATCGTGATCTACCAGTACATGGAC

GACCTGTACGCTAGCTGA

The mature H chain sequence for C1011 heavy chain is
shown below. Joining sequences AS are bold and HIV pep-
tides are underlined. A flexible linker joining sequence is
italicized.

10

15

(SEQ ID NO.

60

about 6 weeks and 4 months later, the NHP were injected
intradermal (id) with 100 pg anti-Langerin 15B10 HA1-1
fusion protein with poly IC as adjuvant, or with anti-DCIR
HA1-1 fusion protein with poly IC, or with a standard dose of
commercial Vaccigrip Flu vaccine and 10E6 pr8 Flu virus. At
the indicated dates, serum samples were taken and pooled (4
NHP per group) and serial dilutions were tested for HA1-1
specific IgG antibodies by a baed-based assay. The data
shows that the anti-Langerin-HA1-1 vaccine raises potent
high titer anti-HA1-1 antibody responses in NHP—the titers
observed were 1-2 logs higher than observed with the Vac-
cigrip control group.

These data show that both anti-Langerin 15B10 and 2G3
recombinant antibodies or such antibodies linked to a cancer
antigen retain significant binding to NHP Langerin—a very
desirable property for commercial development of these anti-

76)

QVQLRQSGPELVKPGASVKMSCKASGYTFTDYVISWVKQORTGQGLEWIGDIYPGSGYS

FYNENFKGKATLTADKSSTTAYMQLSSLTSEDSAVYFCATYYNYPFAYWGQGTLVTVS

AAKTTGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ

SSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGP

SVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF

NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQ

EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDK

SRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKASQTPTNTISVIPTNNSTPTNNSNPKP

NPASEKIRLRPGGKKKYKLKHIVASSSVSPTTSVHPTPTSVPPTPTKSSPASNPPIPVGEIYK

RWITLGLNKIVRMYSPTSILDASPTSTPADSSTITPTATPTATPTIKGASHTQGYFPDWONY

TPGPGVRYPLTFGWLYKLASTVTPTATATPSAIVITITPTATTKPASVGFPVTPQVPLRPMT

YKAAVDLSHFLKEKGGLAS TNGSITVAATAPTVTPTVNATPSAAARSATFQSSMTKILEPFRK

QONPDIVIYQYMDDLYAS

FIG. 8 shows the binding of recombinant anti-Langerin
antibodies fused to antigens retain their ability to bind to
beads decorated with human and non-human primate (NHP)
Langerin ectodomain proteins. Luminex beads of different
colors were covalently linked to cellulose binding protein
fused to dockerin. The beads were then mixed with either
human Langerin ectodomain fused to cohesin, or with NHP
(Rhesus macaque) Langerin ectodomain fused to cohesin.
The beads were washed and mixed, then incubated with serial
dilutions of various pure recombinant anti-Langerin 2G3 or
15B10 mouse V region-human IgG4 chimeric antibodies or
the same antibodies with C-terminal fusions to human pros-
tate specific antigen (PSA), or control pure recombinant anti-
CD40 12E12 mouse V region-human IgG4 chimeric anti-
body. After washing, the beads were incubated with an anti-
human Fc-PE reagent, washed again, and then read on a
BioPlex instrument to detect florescence bound to the differ-
ent colored beads (expressed as % MFI relative to the maxi-
mal signal seen on each bead type.

FIG. 9 shows the ability of recombinant anti-Langerin
15B10 antibody fused to Influenza A Hemagglutinin HA-1
from a HIN1 Flu strain to evoke potent antigen-specific anti-
body production in NHP. NHP were injected intramuscularly
(im) with 10E6 pr8 Flu virus and subcutaneously (sc) HIV
gag p24 protein (First boost); ~2 months later the NHP were
again injected with HIV gag p24 protein (Second boost);
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bodies as antigen-targeting vaccines [this enables mecha-
nism-based preclinical testing of safety and efficacy in NHP
models].

FIG. 10 shows that recombinant fusion proteins of anti-
human DC receptors and antigens induce antigen-specific
immune responses in NHP: Rhesus macaques (4 animals in
each group) immunized i.m. with live influenza virus (A/PRS,
HINT1) and HIVgag-derived p24-PL A on day 0. On day 28,
animals were boosted with p24-PLA alone. On day 77 and
day 119, each group of animals was immunized as described
in FIG. 18 (below). Anti-Langerin-HA1 response in Rhesus
macaque—IFN-y response measured by ELISPOT after ex
vivo stimulation with HA peptides. Red arrows indicate prim-
ing injections with live influenza virus (A/PR8, HIN1). Blue
arrows indicate boost injections. Control group (4 animals)
were immunized i.m. with live influenza virus and commer-
cial flu vaccine, VACCIGRIP, with 100 ug poly 1:C per ani-
mal. Experimental group (4 animals) were boosted i.d. with
anti-DCIR-HA1 (100 pg/animals) with 100 pg of poly I:C per
animal. The data above show that anti-Langerin-HA1 elicited
potent HA1-specific T cells responses as measured by IFNy
ELISPOT.

FIG. 11 shows that the Anti-Langerin G3 antibody specifi-
cally stains NHP Langerhans cells. Rhesus macaque skin
sections were prepared and stained with anti-Langerin 2G3
and then Texas Red-labeled goat ant-mouse reagent. Cell
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nuclei were stained with DAPI [blue]. This shows specific
staining of NHP L.C demonstrating the specific cross-reactiv-
ity of this anti-human Langerin antibody with NHP Langerin.

The 15B10.3 hydridoma has been deposited under the
Budapest Treaty with the U.S. American Type Culture Col-
lection and received Deposit No. PTA-9852; and the 2G3.6
hybridoma received Deposit No. PTA-9853.

FIG. 12 shows the antibody titers for anti-HIV-gag anti-
bodies in NHP vaccination with a gag-microparticle, an anti-
hIGG4-gag antibody, an anti-DCIR-gag vaccine and an anti-
Langerin-gag-p24 vaccine, all with or without poly I:C as an
adjuvant. Briefly, non-human primates (NHP) were immu-
nized and anti-Langerin-gag24 antibody responses were
determined. It was found that more potent were possible with
the anti-Langerin-gag p24 constructs than with gag p24 on a
microcarrier or control antibody-p24. Unlike anti-DCIR tar-
geting, it was found that anti-Langerin-Ag vaccination is
relatively independent of poly 1:C adjuvant. Each curve is an
individual monkey, the assay is serum dilutions tested for
antibodies against p24. Cynomolgus macaques were injected
i.d. with 250 ug of each antibody-HIV gag p24 vaccine or gag
p24 attached to a microcarrier (p24 amount was normalized to
correspond to the actual amount of p24 mass injected). The
animals were then injected twice more at 6 week intervals.
The FIG. 12 graph shows represents ELISA assay for anti-
gen-specific anti-gag p24 titers of serum samples taken 2
weeks after the third injection. FIG. 12 shows serial dilutions
of the sera graphed for each individual monkey [graph lines
shown in blue]. A parallel group of monkeys were co-injected
with the p24 proteins and poly 1:C adjuvant [graph lines
shown in red].

FIG. 13—FACS analysis on Langerin clones: 293F cells
were transiently transfected with vectors directing the expres-
sion of full-length (cell surface) langerin from human, Rhesus
macaque, and mouse. Cells were stained with a dilution series
of the pure monoclonal antibodies, washed, then counter-
stained with an anti-mouse IgG-PE conjugate, then washed
again. Cells were analyzed by flow cytometry. The data are
expressed as % cells giving a positive cell surface staining
signal relative to the control untransfected cells.

FIG. 14—ELISA analysis in two formats—direct (antigen
bound to plate directly and bound antibody detected with an
anti-mouse IgG-HRP conjugate) and capture (antibody
bound to plate, capturing a fixed concentration of biotinylated
Langerin ectodomain protein, detected with a neutravidin-
HRP reagent). ELISA data for human, Rhesus macaque, and
mouse Langerin ectodomain proteins are shown.

TABLE 1

Immunogenicity in cynomolgus macaques of anti-Langerin-Gag and anti-
DCIR-Gag fusion protein, for FIG. 12.
Group 1 (n = 6) 0.25 mg anti-Langerin-Gag
Group 2 (n = 6) 0.25 mg anti-Langerin-Gag + 0.25 mg PolyIC
Group 3 (n = 6) 0.25 mg anti-DCIR-Gag
Group 4 (n = 6) 0.25 mg anti-DCIR-Gag + 0.25 mg PolyIC
Group 5 (n = 3) 0.25 mg IgG4-Gag
Group 6 (n = 3) 0.25 mg IgG4-Gag + 0.25 mg PolyIC
Group 7 (n = 3) 0.0635 mg Gag
Group 8 (n = 3) 0.0635 mg Gag + 0.25 mg PolyIC

Timepoints
(weeks) Blood Rectal
post priming PBMC  Micorarray  Plasma Wash
-3 X X X
-2 X X X

-1 X X
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TABLE 1-continued

Immunogenicity in cynomolgus macaques of anti-Langerin-Gag and anti-
DCIR-Gag fusion protein, for FIG. 12.
Group 1 (n = 6) 0.25 mg anti-Langerin-Gag
Group 2 (n = 6) 0.25 mg anti-Langerin-Gag + 0.25 mg PolyIC
Group 3 (n = 6) 0.25 mg anti-DCIR-Gag
Group 4 (n = 6) 0.25 mg anti-DCIR-Gag + 0.25 mg PolyIC

Group 5 (n = 3) 0.25 mg IgG4-Gag
Group 6 (n = 3) 0.25 mg IgG4-Gag + 0.25 mg PolyIC
Group 7 (n = 3) 0.0635 mg Gag
Group 8 (n = 3) 0.0635 mg Gag + 0.25 mg PolyIC
Timepoints
(weeks) Blood Rectal
post priming PBMC  Micorarray  Plasma Wash
Vaccination 0 X X
2 X X X
Vaccination 6 X X X
8 X X X X
10 X X
Vaccination 12 X X
13 X X X
14 X X X
15 X X X
16 X X X
18 X X X
22 X X X X
mAnti-Langerin 91E7K Light Chain Sequence
(SEQ ID NO.: 51)

ATGGATTTTCAGATGCAGATTATCAGCTTGCTGCTAATCAGTGTCACAGT

CATAGTGTCTAATGGAGAAATTGTGCTCACCCAGTCTCCAACCACCATGG

CTGCATCTCCCGGGGAGAAGATCACTATCACCTGCAGTGCCAGCTCAAGT

ATAAGTTCCCATTACTTACATTGGTATCAGCAGAAGCCAGGATTCTCCCC

TAAACTCTTGATTTATAGGACATCCAATCTGGCTTCTGGAGTCCCAGCTC

GCTTCAGTGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATTGACACC

ATGGAGGCTGAAGATGTTGCCACTTACTACTGCCAGCAGGGTAGTAGTAT

ACCATTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAACGGGCTGATG

CTGCACCAACTGTATCCATCTTCCCACCATCCAGTGAGCAGTTAACATCT

GGAGGTGCCTCAGTCGTGTGCTTCTTGAACAACTTCTACCCCAAAGACAT

CAATGTCAAGTGGAAGATTGATGGCAGTGAACGACAAAATGGCGTCCTGA

ACAGTTGGACTGATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGC

ACCCTCACGTTGACCAAGGACGAGTATGAACGACATAACAGCTATACCTG

TGAGGCCACTCACAAGACATCAACTTCACCCATCGTCAAGAGCTTCAACA

GGAATGAGTGTTAG
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mAnti-Langerin 91E7K Light Chain Sequence

(SEQ ID NO.:

64

52)

EIVLTQSPTTMAASPGEKITITCSASSSISSHYLHWYQQKPGFSPKLLIYRTSNLAS

GVPARFSGSGSGTSYSLTIDTMEAEDVATYYCQQGSSIPFTFGSGTKLEIKRADAAPTVSI

FPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSM

SSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNEC

mAnti-Langerin 91E7H [Mouse IgG2a] Heavy Chain
ATGAGATCACTGTTCTCTTTACAGT-

TACTGAGCACACAGGACCTCGCCATGG GATG-
GAGCTGTATCATCCTCTTCTTGGTAG-
CAACAGCTACAGGTGTCCACTCTCAGG
TCCAACTGCAGCAGCCTGGGGCTGAACT-
TGTGAAGCCTGGGGCTTCAGTGAAGCTG  TCCTG-

CAAGGCTTCTGGCTACACCTTCACCAGT-
TACTGGATGCAGTGGGTAAAGCA
GAGGCCTGGACAGGGCCTTGAGTG-
GATCGGAGAGATTGATCCTTCTGATAGCTATA
CTAACTACAATCAAAGGT-
TCAAGGGCAAGGCCACATTGACTGTGGA-
CACATCCTCC AGCACAGCCTACATACAGCTCAG-
CAGCCTGACGTCTGAGGACTCTGCGGTCTGTTT
CTGTGCAAGACGCTACTATGGTAACTAC-
GATGGGTTTGCTTACTGGGGCCAAGGGA CTCTGGT-
CACTGTCTCTGCAGCCAAAACAACAGC-
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CAAGGTCAACAACAGAGCCCTCCCATCCCC CATC-
GAGAAAACCATCTCAAAACCCAGAGGGC-
CAGTAAGAGCTCCACAGGTATAT
GTCTTGCCTCCACCAGCAGAAGAGAT-
GACTAAGAAAGAGTTCAGTCTGACCTGCAT GATCA-
CAGGCTTCTTACCTGCCGAAATTGCT-
GTGGACTGGACCAGCAATGGGCGTA
CAGAGCAAAACTACAAGAACACCGCAA-
CAGTCCTGGACTCTGATGGTTCTTACTTC  ATGTA-
CAGCAAGCTCAGAGTACAAAAGAGCACT-
TGGGAAAGAGGAAGTCTTTTCGC
CTGCTCAGTGGTCCACGAGGGTCTGCA-
CAATCACCTTACGACTAAGACCATCTCCC
GGTCTCTGGGTAAAGCTAGCTGA [GCTAGC in bold is
for the in-frame fusion of antigens at the H-chain C-terminus]
(SEQID NO.: 53)

mAnti-Langerin 91E7H [Mouse Ig(G2a] Mature H Heavy
Chain Sequence

(SEQ ID NO.: 54)

QVQLOQPGAELVKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLEWIGEID

PSDSYTNYNQRFKGKATLTVDTSSSTAYIQLSSLTSEDSAVCFCARRYYGNYDGFAYW

GQGTLVTVSAAKTTAPSVYPLAPVCGGTTGSSVTLGCLVKGYFPEPVTLTWNSGSLSSG

VHTFPALLQSGLYTLSSSVTVTSNTWPSQTITCNVAHPASSTKVDKKIEPRVPITQNPCPP

LKECPPCAAPDLLGGPSVFIFPPKIKDVLMISPSPMVTCVVVDVSEDDPDVQISWEFVNNV

EVHTAQTQTHREDYNSTLRVVSALPIQHQDWMSGKEFKCKVNNRALPSPIEKTISKPRG

PVRAPQVYVLPPPAEEMTKKEFSLTCMI TGFLPAEIAVDWTSNGRTEQNYKNTATVLDS

DGSYFMYSKLRVQKS TWERGSLFACSVVHEGLHNHLTTKTISRSLGKAS

CCCATCGGTCTATCCACTGGCCC
CTGTGTGTGGAGGTACAACTGGCTC-
CTCGGTGACTCTAGGATGCCTGGTCAAGGGT
TATTTCCCTGAGCCAGTGACCTTGAC-
CTGGAACTCTGGATCCCTGTCCAGTGGTGTG
CACACCTTCCCAGCTCTCCTGCAGTCTG-
GCCTCTACACCCTCAGCAGCTCAGTGACT GTAAC-
CTCGAACACCTGGCCCAGCCAGACCALT-
CACCTGCAATGTGGCCCACCCGGC
AAGCAGCACCAAAGTGGACAAGAAAAT-
TGAGCCCAGAGTGCCCATAACACAGAACCCCTGTC-
CTCCACTCAAAGAGTGTCCCCCATGCG-
CAGCTCCAGACCTCTTGGGTGGA
CCATCCGTCTTCATCTTCCCTCCAAA-
GATCAAGGATGTACTCATGATCTCCCCGAGC
CCCATGGTCACATGTGTGGTGGTGGAT-
GTGAGCGAGGATGACCCAGACGTCCAGAT
CAGCTGGTTTGTGAACAACGTGGAAGTA-
CACACAGCTCAGACACAAACCCATAGAG AGGATTA-
CAACAGTACTCTCCGGGTGGTCAGTGC-
CCTCCCCATCCAGCACCAGGAC
TGGATGAGTGGCAAGGAGTTCAAATG-
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mAnti-Langerin 37C1K Light Chain

(SEQ ID NO.: 55)
ATGAGGGCCCCTGCTCAGTTTTTTGGGATCTTGTTGCTCTGGTTTCCAGG

TATCAGATGTGACATCAAGATGACCCAGTCTCCATCCTCCATGTATGCAT
CGCTGGGAGAGAGAGTCACTATTACTTGCAAGGCGAGTCAGGACATTAAA
AGCTATTTAACTTGGTACCAGCAGAAACCATGGAAATCTCCTAAGACCCT
GATCAATTATGCAACAAGCTTGGCAGATGGGGTCCCATCAAGATTCAGTG
GCAGTGGATCTGGACAAGATTATTCTCTAACCATCAGCAGCCTGGAGTCT
GACGATACAGCAACTTATTACTGTCTACAGCATGGTCAGAGTCCGTTCAC
GTTCGGAGGGGGGACCAGGCTGGAGATAAAACGGGCTGATGCTGCACCAA
CTGTATCCATCTTCCCACCATCCAGTGAGCAGTTAACATCTGGAGGTGCC
TCGGTCGTGTGCTTCTTGAACAACTTCTACCCCAAAGACATCAATGTCAA

GTGGAAGATTGATGGCAGTGAACGACAAAATGGCGTCCTGAACAGTTGGA
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-continued
CTGATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCACCCTCACG
TTGACCAAGGACGAGTATGAACGACATAACAGCTATACCTGTGAGGCCAC
TCACAAGACATCAACTTCACCCATCGTCAAGAGCTTCAACAGGAATGAGT
GTTAG

mAnti-Langerin 37C1K Light Chain

(SEQ ID NO.:

DIKMTQSPSSMYASLGERVTITCKASQDIKSYLTWYQQKPWKSPKTLINYATSL

66

-continued
AGAGTGTCCCCCATGCGCAGC TCCAGACCTCTTGEGTGGACCATCCGTCT
TCATCTTCCCTCCAAAGGT CAAGGATGTACTCATGATCTCCCTGAGCCCC
ATGGTCACATGTGTGGTGGTGGATGTGAGCGAGGATGACCCAGACGTCCA

GATCAGCTGGTTTGTGAACAACGTGGAAGTACACACAGCTCAGACACAAA

56)

ADGVPSRFSGSGSGQODYSLTISSLESDDTATYYCLQHGQSPFTFGGGTRLEIKRADAAPT

VSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTY

SMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNEC

mAnti-Langerin 37C1H [Mouse IgG2a] Heavy Chain

(SEQ ID NO.: 57)
ATGAGATCACTGTTCTCTTTACAGTTACTGAGCACACAGGACCTCGCCAT

GGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTGTCC
ACTCTCAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTTGTGAAGCCTGGG
GCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTA
CTGGATGCAGTGGGTAAAGCAGAGGCCTGGACAGGGCCTTGAGTGGACCG
GAGAGATTGATCCTTCTGATAGCTATACTAACTACAATCAAAGGTTCAAG
GGCAAGGCCACATTGACTGTGGACACATCCTCCAGCACAGCCTACACACA
GCTCAGCAGCCTGACGTCTGAGGACTCTGCGGTCCATTTCTGTGCAAGAC
GCTACTATGGTAACTACGATGGGTTTGCTTACTGGGGCCAAGGGACTCTG
GTCACTGTCTCTGCAGCCAAAACAACAGCCCCATCGGTCTATCCACTGGC

CCCTGTGTGTGGAGGTACAACTGGCTCCTCGGTGACTCTAGGATGCCTGG

25

30

35

-continued
CCCATAGAGAGGATTACAACAGTACT CTCCGGGTGETCAGTGCCCTCCCC
ATCCAGCACCAGGACTGGATGAGTGGCAAGGAGT TCARATGCAAGGTCAA
CAACAGAGCCCTCCCATCCCCCATCGAGAAAACCATCTCAAAACCCAGAG
GGCCAGTAAGAGCTCCACAGGTATATGTCTTGCCTCCACCAGCAGAAGAG
ATGACTAAGAAAGAGTTCAGTCTGACCTGCATGATCACAGGCTTCTTACC
TGCCGAAATTGCTGTGGACTGGACCAGCAATGGGCGTACAGAGCARAACT
ACAAGAACACCGCAACAGTCCTGGACTCTGATGGTTCTTACTTCATGTAC
AGCAAGCTCAGAGTACAAAAGAGCACTTGGGAAAGAGGAAGTCTTTTCGC
CTGCTCAGTGGTCCACGAGGGTCTGCACAATCACCTTACGACTAAGACCA

TCTCCCGGTCTCTGGGTAAAGCTAGCTGA

mAnti-Langerin 37C1H [Mouse Ig(G2a] Heavy Chain

(SEQ ID NO.: 58)

QVQLOQPGAELVKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLEWTGEID

PSDSYTNYNQRFKGKATLTVDTSSSTAYTQLSSLTSEDSAVHFCARRYYGNYDGFAYW

GQGTLVTVSAAKTTAPSVYPLAPVCGGTTGSSVTLGCLVKGYFPEPVTLTWNSGSLSSG

VHTFPALLQSGLYTLSSSVTVTSNTWPSQTITCNVAHPASSTKVDKKIEPRVPITQNPCPP

LKECPPCAAPDLLGGPSVFIFPPKVKDVLMISLSPMVTCVVVDVSEDDPDVQISWEFVNN

VEVHTAQTQTHREDYNS TLRVVSALPIQHQDWMSGKEFKCKVNNRALPSPIEKTISKPR

GPVRAPQVYVLPPPAEEMTKKEFSLTCMITGFLPAEIAVDWTSNGRTEQNYKNTATVL

DSDGSYFMYSKLRVQKSTWERGSLFACSVVHEGLHNHLTTKTISRSLGKAS

-continued

TCAAGGGTTATTTCCCTGAGCCAGTGACCTTGACCTGGAACTCTGGATCC
CTGTCCAGTGGTGTGCACACCTTCCCAGCTCTCCTGCAGTCTGGCCTCTA
CACCCTCAGCAGCTCAGTGACTGTAACCTCGAACACCTGGCCCAGCCAGA
CCATCACCTGCAATGTGGCCCACCCGGCAAGCAGCACCAAAGTGGACAAG

AAAATTGAGCCCAGAGTGCCCATAACACAGAACCCCTGTCCTCCACTCAA

60

65

mAnti-Langerin 4C7K (Light Chain)

(SEQ ID NO.: 77)
ATGGATTTTCAAGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCTTCAGT

CATAATGTCCAGAGGACAAATTGTTCTCTCCCAGTCTCCAGCAATCCTGT
CTGCATCTCCAGGGGAGAAGGTCACAATGACTTGCAGGGCCAGCTCAAGT

GTAAGTTACATGCACTGGTACCAGCGGAAGCCAGGATCCTCCCCCAAACC
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-continued

CTGGATTTATGCCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGCTTCA
GTGGCAGTGGGTCTGGGACCTCTTATTCTCTCACAATCAGCAGAGTGGAG
GCTGAAGATGCTGCCACTTATTACTGCCAGCAGTGGAGTAGTAACCCGCT
CACGTTCGGTGCTGGGACCAAGCTGGAGCTGAAACGGGCTGATGCTGCAC
CAACTGTATCCATCTTCCCACCATCCAGTGAGCAGTTAACATCTGGAGGT
GCCTCAGTCGTGTGCTTCTTGAACAACTTCTACCCCAAAGACATCAATGT
CAAGTGGAAGATTGATGGCAGTGAACGACAAAATGGCGTCCTGAACAGTT
GGACTGATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCACCCTC
ACGTTGACCAAGGACGAGTATGAACGACATAACAGCTATACCTGTGAGGC
CACTCACAAGACATCAACTTCACCCATCGTCAAGAGCTTCAACAGGAATG
AGTGTTAG

(SEQ ID NO.: 78)
QIVLSQSPAILSASPGEKVTMTCRASSSVSYMHWYQRKPGSSPKPWIYAT

SNLASGVPARFSGSGSGTSYSLTISRVEAEDAATYYCQQWSSNPLTFGAG
TKLELKRADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKID
GSERQNGVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYTCEATHKTS

TSPIVKSFNRNEC
mAnti-Langerin 4C7H [Mouse [gG2a] Heavy Chain

(SEQ ID NO.: 79)
ATGGAATGGAGCTGGGTCTTTCTCTTCCTCCTGTCAGTAATTGCAGGTGT

CCAATCCCAGGTTCAGCTGCAGCAGTCTGGGGCTGAGCTGGTGAGGCCTG
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-continued
CCTGGTCAAGGGTTATTTCCCTGAGCCAGTGACC TTGACCTGGAACTCTG
GATCCCTGTCCAGTGGTGTGCACACCTTCCCAGCTCTCCTGCAGTCTGGC
CTCTACACCCTCAGCAGCTCAGTGACTGTAACCTCGAACACCTGGCCCAG
CCAGACCATCACCTGCAATGTGGCCCACCCGGCAAGCAGCACCARAGTGE
ACAAGAAAATTGAGCCCAGAGTGCCCATAACACAGAACCCCTGTCCTCCA
CTCARAGAGTGTCCCCCATGCGCAGACCTCTTGGGTGGACCATCCGTCTT
CATCTTCCCTCCARAGATCAAGGATGTACTCATGATCTCCCTGAGCCCCA
TGGTCACATGTGTGGTGGTGGATGTGAGCGAGGATGACCCAGACGCCCAG
ATCAGCTGGTTTGTGAACAACGTGGAAGTACACACAGCT CAGACACARAC
CCATAGAGAGGATTACAACAGTACTCTCCGGGTGGTCAGTGCCCTCCCCA
TCCAGCACCAGGACTGGATGAGTGGCAAGGAGTTCARATGCAAGGTCAAC
AACAGAGCCCTCCCATCCCCCATCGAGAAAACCATCTCAAAACCCAGAGE
GCCAGTAAGAGCTCCACAGGTATATGTC TTGCCTCCACCAGCAGAAGAGA
TGACTAAGAAAGAGT TCAGTCTGACCTGCATGAT CACAGGCTTCTTACCT
GCCGAAATTGCTGTGGACTGGACCAGCAATGGGCGTACAGAGCARRACTA
CAAGAACACCGCAACAGTCCTGGACTCTGATGGT TCTTACT TCATGTACA
GCAAGCTCAGAGTACAAAAGAGCACT TGGGAAAGAGGAAGT CTTTTCGCC
TGCTCAGTGGTCCACGAGGGTCTGCACAATCACCTTACGACTAAGACCAT

CTCCCGGTCTCTGGGTAAAGCTAGCTGA

mAnti-Langerin 4C7H [Mouse 1gG2a] Heavy Chain

(SEQ ID NO.: 80)

QVQOLOQSGAELVRPGASVTLSCKASGYTFIDHDMHWVQQTPVYGLEWIGAIDP

ETGDTGYNQKFKGKAILTADKSSRTAYMELRSLTSEDSAVYYCTIPFYYSNYSPFAYW

GQGALVTVSAAKTTAPSVYPLAPVCGGTTGSSVTLGCLVKGYFPEPVTLTWNSGSLSS

GVHTFPALLQSGLYTLSSSVTVTSNTWPSQTI TCNVAHPASSTKVDKKIEPRVPITQNPC

PPLKECPPCADLLGGPSVFIFPPKIKDVLMISLSPMVTCVVVDVSEDDPDAQISWEFVNNV

EVHTAQTQTHREDYNSTLRVVSALPIQHQDWMSGKEFKCKVNNRALPSPIEKTISKPRG

PVRAPQVYVLPPPAEEMTKKEFSLTCMI TGFLPAEIAVDWTSNGRTEQNYKNTATVLDS

DGSYFMYSKLRVQKS TWERGSLFACSVVHEGLHNHLTTKTISRSLGKAS

-continued
GGGCTTCAGTGACGCTGTCCTGCAAGGCTTCGGGCTACACATTTATTGAC

CATGATATGCACTGGGTGCAGCAGACACCTGTGTATGGCCTGGAATGGAT
CGGAGCTATTGATCCTGAAACTGGTGATACTGGCTACAATCAGAAGTTCA
AGGGCAAGGCCATACTGACTGCAGACAAATCCTCCAGGACAGCCTACATG
GAACTCCGCAGCCTGACATCTGAGGACTCTGCCGTCTATTACTGTACAAT
CCCCTTCTACTATAGTAACTACAGCCCGTTTGCTTACTGGGGCCAAGGGG
CTCTGGTCACTGTCTCTGCAGCCAAAACAACAGCCCCATCGGTCTATCCA

CTGGCCCCTGTGTGTGGAGGTACAACTGGCTCCTCGGTGACTCTAGGATG
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It is contemplated that any embodiment discussed in this
specification can be implemented with respect to any method,
kit, reagent, or composition of the invention, and vice versa.
Furthermore, compositions of the invention can be used to
achieve methods of the invention.

It will be understood that particular embodiments
described herein are shown by way of illustration and not as
limitations of the invention. The principal features of this
invention can be employed in various embodiments without
departing from the scope ofthe invention. Those skilled in the
art will recognize, or be able to ascertain using no more than
routine experimentation, numerous equivalents to the specific
procedures described herein. Such equivalents are considered
to be within the scope of this invention and are covered by the
claims.
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All publications and patent applications mentioned in the
specification are indicative of the level of skill of those skilled
in the art to which this invention pertains. All publications and
patent applications are herein incorporated by reference to the
same extent as if each individual publication or patent appli-
cation was specifically and individually indicated to be incor-
porated by reference.

The use of the word “a” or “an” when used in conjunction
with the term “comprising” in the claims and/or the specifi-
cation may mean “one,” but it is also consistent with the
meaning of “one or more,” “at least one,” and “one or more
than one.” The use of the term “or” in the claims is used to
mean “and/or” unless explicitly indicated to refer to alterna-
tives only or the alternatives are mutually exclusive, although
the disclosure supports a definition that refers to only alter-
natives and “and/or.” Throughout this application, the term
“about” is used to indicate that a value includes the inherent
variation of error for the device, the method being employed
to determine the value, or the variation that exists among the
study subjects.

Asused in this specification and claim(s), the words “com-
prising” (and any form of comprising, such as “comprise” and
“comprises”), “having” (and any form of having, such as
“have” and “has”), “including” (and any form of including,
such as “includes” and “include”) or “containing” (and any
form of containing, such as “contains™ and “contain”) are
inclusive or open-ended and do not exclude additional, unre-
cited elements or method steps. As used herein, the phrase
“consisting essentially of” limits the scope of a claim to the
specified materials or steps and those that do not materially
affect the basic and novel characteristic(s) of the claimed
invention. As used herein, the phrase “consisting of” excludes
any element, step, or ingredient not specified in the claim
except for, e.g., impurities ordinarily associated with the ele-
ment or limitation.

The term “or combinations thereof” as used herein refers to
all permutations and combinations of'the listed items preced-
ing the term. For example, “A, B, C, or combinations thereof”
is intended to include at least one of: A, B, C, AB, AC, BC, or
ABC, and if order is important in a particular context, also
BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing
with this example, expressly included are combinations that
contain repeats of one or more item or term, such as BB,
AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and
so forth. The skilled artisan will understand that typically
there is no limit on the number of items or terms in any
combination, unless otherwise apparent from the context.

As used herein, words of approximation such as, without
limitation, “about”, “substantial” or “substantially” refers to a
condition that when so modified is understood to not neces-
sarily be absolute or perfect but would be considered close
enough to those of ordinary skill in the art to warrant desig-
nating the condition as being present. The extent to which the
description may vary will depend on how great a change can
be instituted and still have one of ordinary skilled in the art
recognize the modified feature as still having the required
characteristics and capabilities of the unmodified feature. In
general, but subject to the preceding discussion, a numerical
value herein that is modified by a word of approximation such
as “about” may vary from the stated value by at least 1, 2, 3,
4,5,6,7,10, 12 or 15%.

All of the compositions and/or methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be appar-
ent to those of skill in the art that variations may be applied to
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the compositions and/or methods and in the steps or in the
sequence of steps of the method described herein without
departing from the concept, spirit and scope of the invention.
All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit,
scope and concept of the invention as defined by the appended
claims.
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SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 82
<210> SEQ ID NO 1
<211> LENGTH: 717
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic oligonucleotide.
<400> SEQUENCE: 1
atgaagttge ctgttaggct gttggtgetyg atgttetgga ttectgette cagecagtgat 60
gttgtgatga cccaaactce actcteectg cetgteegte ttggagatca agectccate 120
tcttgcagat ctagtcagag ccttgtacac agtaatggaa acacctattt acattggtac 180
ctgcagaage caggccagte tccaaagetce ctgatctaca aagtttccaa ccgattttet 240
ggggtcccayg acaggttcag tggcagtgga tcagggacaa atttcacact caagatcage 300
agagtggagg ctgaggatct gggactttat ttetgctete aaagtacaca tgtteegtac 360
acgtteggag gggggaccaa getggaaata aaacgggetyg atgetgcace aactgtatcee 420
atctteccac catccagtga gecagttaaca tcetggaggtyg cctcagtegt gtgettettg 480
aacaacttct accccaaaga catcaatgtce aagtggaaga ttgatggcag tgaacgacaa 540
aatggegtcee tgaacagttg gactgatcag gacagcaaag acagcaccta cagcatgaac 600
agcaccctca cgttgaccaa ggacgagtat gaacgacata acagctatac ctgtgaggece 660
actcacaaga catcaacttce acccategtce aagagcttca acaggaatga gtgttag 717
<210> SEQ ID NO 2
<211> LENGTH: 219
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 2

Asp Val Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Arg Leu Gly
1 5 10 15

Asp Gln Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Val His Ser
20 25 30

Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45
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Pro Lys Leu
50

Asp Arg Phe
65

Ser Arg Val

Thr His Val

Arg Ala Asp

115

Gln Leu Thr
130

Tyr Pro Lys
145

Gln Asn Gly
Thr Tyr Ser
Arg His Asn

195
Pro Ile Val

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Ile Tyr Lys Val

55

Ser Gly Ser Gly Ser

70

Glu Ala Glu Asp Leu

85

Pro Tyr Thr Phe Gly

100

Ala Ala Pro Thr Val

120

Ser Gly Gly Ala Ser

135

Asp Ile Asn Val Lys
150

Val Leu Asn Ser Trp

165

Met Asn Ser Thr Leu

180

Ser Tyr Thr Cys Glu

200

Lys Ser Phe Asn Arg

D NO 3
H: 1395
DNA

215

Ser Asn Arg
Gly Thr Asn
75

Gly Leu Tyr
90

Gly Gly Thr
105

Ser Ile Phe

Val Val Cys

Trp Lys Ile

155

Thr Asp Gln
170

Thr Leu Thr
185

Ala Thr His

Asn Glu Cys

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 3

atggaatgga

cagetgegge

aaggcttetg

cagggecttyg

aacttcaagg

ctcagcagec

ccttttgett

ccatcegtet

ggCthCtgg

ctgaccageg

agcagcgtgg

gatcacaagce

tgcccaccect

aaacccaagg

gtgagccagg

aatgccaaga

ctcacegtec

aaaggcctec

ggatctttet

agtctggacce

gatacacatt

agtggattgg

gcaaggccac

tgacatctga

actggggeca

tccececectgge

tcaaggacta

gegtgcacac

tgaccgtgec

ccagcaacac

geccagcace

acactctcat

aagaccccga

caaagccgeg

tgcaccagga

cgtectecat

cttcatcetyg

tgagetggtg

tactgactat

agatatttat

actgactgca

ggactctgeyg

agggactctg

geecetgetee

cttececcgaa

cttecegget
ctccageage

caaggtggac

tgagttcgaa

gatctecegyg

ggtccagtte

dgaggagcag

ctggctgaac

cgagaaaacc

tcaggaactg

aagcctgggg

gttataagtt

cctggaagtyg

gacaaatcct

gtctatttet

gtcactgtet

aggagcacct

Cngtgang

gtcctacagt

ttgggcacga

aagagagttg

gggggaccat

accecctgagyg

aactggtacg

ttcaacagca

ggcaaggagt

atctccaaag

Phe Ser Gly

Phe Thr Leu

Phe Cys Ser

Lys Leu Glu
110

Pro Pro Ser
125

Phe Leu Asn
140

Asp Gly Ser

Asp Ser Lys

Lys Asp Glu
190

Lys Thr Ser
205

Syntehtic oligonucleotide.

caggtgtcca

cttcagtgaa

gggtgaagca

gttattcttt

ccaccacagc

gtgcaaccta

ctgcagccaa

ccgagageac

tgtcgtggaa

cctecaggact

agacctacac

agtccaaata

cagtcttect

tcacgtgegt

tggatggcgt

cgtaccgtgt

acaagtgcaa

ccaaagggca

Val Pro
Lys Ile
80

Gln Ser
95

Ile Lys

Ser Glu

Asn Phe

Glu Arg

160

Asp Ser
175

Tyr Glu

Thr Ser

ctceccaggtt
gatgtcctge
gagaactgga
ctacaatgag
ctacatgcag
ctataactac
aacaacgggce
agcecgeectyg
ctcaggegece
ctactcecte
ctgcaacgta
tggtccceca
gttecececa
ggtggtggac
ggaggtgcat
ggtcagegte
ggtctccaac

gececgagag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



75

US 9,315,580 B2

76

-continued
ccacaggtgt acaccctgcce cccatcecag gaggagatga ccaagaacca ggtcagectg 1140
acctgectgg tcaaaggctt ctaccccage gacatcgecg tggagtggga gagcaatggg 1200
cagccggaga acaactacaa gaccacgcct ccegtgetgg actccgacgg ctecttette 1260
ctctacagca ggctaaccgt ggacaagagc aggtggcagg aggggaatgt cttctcatgce 1320
tcegtgatge atgaggctcect gcacaaccac tacacacaga agagcctcte ccectgtetcetg 1380
ggtaaagcta gctga 1395

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 4
H: 446
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 4

Gln Val Gln
1

Ser Val Lys

Val Ile Ser
35

Gly Asp Ile
50

Lys Gly Lys
65

Met Gln Leu

Ala Thr Tyr

Val Thr Val
115

Ala Pro Cys
130

Leu Val Lys
145

Gly Ala Leu

Ser Gly Leu

Leu Gly Thr
195

Thr Lys Val
210

Pro Cys Pro
225

Pro Pro Lys

Thr Cys Val

Asn Trp Tyr
275

Arg Glu Glu
290

Leu Arg Gln Ser Gly

5

Met Ser Cys Lys Ala

20

Trp Val Lys Gln Arg

40

Tyr Pro Gly Ser Gly

55

Ala Thr Leu Thr Ala

70

Ser Ser Leu Thr Ser

85

Tyr Asn Tyr Pro Phe

100

Ser Ala Ala Lys Thr

120

Ser Arg Ser Thr Ser

135

Asp Tyr Phe Pro Glu
150

Thr Ser Gly Val His

165

Tyr Ser Leu Ser Ser

180

Lys Thr Tyr Thr Cys

200

Asp Lys Arg Val Glu

215

Ala Pro Glu Phe Glu
230

Pro Lys Asp Thr Leu

245

Val Val Asp Val Ser

260

Val Asp Gly Val Glu

280

Gln Phe Asn Ser Thr

295

Pro

Ser

25

Thr

Tyr

Asp

Glu

Ala

105

Thr

Glu

Pro

Thr

Val

185

Asn

Ser

Gly

Met

Gln
265

Val

Tyr

Glu

10

Gly

Gly

Ser

Lys

Asp

90

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Gly

Ile
250
Glu

His

Arg

Synthetic peptide.

Leu

Tyr

Gln

Phe

Ser

75

Ser

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Val Lys Pro
Thr Phe Thr
30

Gly Leu Glu
45

Tyr Asn Glu
60

Ser Thr Thr

Ala Val Tyr

Gly Gln Gly
110

Ser Val Phe
125

Ala Ala Leu
140

Val Ser Trp

Ala Val Leu

Val Pro Ser
190

His Lys Pro
205

Gly Pro Pro
220

Ser Val Phe

Arg Thr Pro

Pro Glu Val

270

Ala Lys Thr
285

Val Ser Val
300

Gly Ala

Asp Tyr

Trp Ile

Asn Phe

Ala Tyr

80

Phe Cys
95

Thr Leu

Pro Leu

Gly Cys

Asn Ser

160

Gln Ser
175

Ser Ser

Ser Asn

Cys Pro

Leu Phe
240

Glu Val
255
Gln Phe

Lys Pro

Leu Thr
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Val Leu His
305

Ser Asn Lys

Lys Gly Gln

Glu Glu Met

355

Phe Tyr Pro
370

Glu Asn Asn
385

Phe Phe Leu

Gly Asn Val

Tyr Thr Gln
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gln Asp Trp Leu Asn
310

Gly Leu Pro Ser Ser

325

Pro Arg Glu Pro Gln

340

Thr Lys Asn Gln Val

360

Ser Asp Ile Ala Val

375

Tyr Lys Thr Thr Pro
390

Tyr Ser Arg Leu Thr

405

Phe Ser Cys Ser Val

420

Lys Ser Leu Ser Leu

D NO 5
H: 705
DNA

440

Gly Lys Glu
315

Ile Glu Lys
330

Val Tyr Thr
345

Ser Leu Thr

Glu Trp Glu

Pro Val Leu

395

Val Asp Lys
410

Met His Glu
425

Ser Leu Gly

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 5

atggcctgga
getgttgtga
tgtcgetcaa
ccagatcatt
gccagattet
actgaggatg
ggaggaacca
ccaccttect
ttctacccag
atggagacaa
accctgacag
ggtcacactyg
<210> SEQ I

<211> LENGT.
<212> TYPE:

tttcacttat
ctcaggaatc
gtactgggge
tattcactgg
caggcteect
aggcaatata
aactgactgt
ctgaagagct
gtgtggtgac
cccagectte
caagagcatg
tggagaagag
D NO 6

H: 215
PRT

actctctcte

tgcactcacc

tgttacaact

tctaataggt

gattggagac

tttctgtget

cctaggecag

cgagactaac

agtggactgg

caaacagagc

ggaaaggcat

tttgtccegt

ctggetetea

acatcacctg

agtaactatg

ggtaccaaca

aaggctgecc

ctatggtaca

cccaagtett

aaggccacac

aaggtagatg

aacaacaagt

agcagttaca

getgactgtt

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 6

ic peptide.

Tyr Lys Cys

Thr Ile Ser

Leu Pro Pro

350

Cys Leu Val
365

Ser Asn Gly
380

Asp Ser Asp

Ser Arg Trp

Ala Leu His
430

Lys Ala Ser
445

Synthetic oligonucleotide.

gctcaggggc

gtgaaacagt

ccaactgggt

accgagttte

tcaccatcac

gcaaccattg

cgccatcagt

tggtgtgtac

gtaccecctgt

acatggctag

getgecaggt

cctag

Gln Ala Val Val Thr Gln Glu Ser Ala Leu Thr Thr Ser Pro

1

5

10

Thr Val Thr Leu Thr Cys Arg Ser Ser Thr Gly Ala Val Thr

20

25

30

Asn Tyr Ala Asn Trp Val Gln Glu Lys Pro Asp His Leu Phe

Lys Val
320

Lys Ala
335

Ser Gln

Lys Gly

Gln Pro

Gly Ser

400

Gln Glu
415

Asn His

catttcccag
cacactcact
ccaagaaaaa
aggtgttect
aggggcacag
ggtgtteggt
caccctgttt
gatcactgat
cactcagggt
cagctacctyg

cactcatgaa

Gly Glu
15

Thr Ser

Thr Gly

60

120

180

240

300

360

420

480

540

600

660

705
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35

Leu Ile Gly
50

Ser Gly Ser
65

Gln Thr Glu

His Trp Val

Lys Ser Ser

115

Glu Thr Asn
130

Gly Val Val
145

Gly Met Glu
Ala Ser Ser
Ser Tyr Ser

195
Leu Ser Arg

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

40

Gly Thr Asn Asn Arg

55

Leu Ile Gly Asp Lys

70

Asp Glu Ala Ile Tyr

85

Phe Gly Gly Gly Thr

100

Pro Ser Val Thr Leu

120

Lys Ala Thr Leu Val

135

Thr Val Asp Trp Lys
150

Thr Thr Gln Pro Ser

165

Tyr Leu Thr Leu Thr

180

Cys Gln Val Thr His

200

Ala Asp Cys Ser

D NO 7
H: 1401
DNA

215

Val Ser Gly
Ala Ala Leu
75

Phe Cys Ala
90

Lys Leu Thr
105

Phe Pro Pro

Cys Thr Ile

Val Asp Gly

155

Lys Gln Ser
170

Ala Arg Ala
185

Glu Gly His

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 7

atgacattga

gtgcattgty

ttgaaactct

cgccaggete

tatgcaacat

caaagcttge

tgtgtgggac

gccaaaacga

tccatggtga

tggaactctyg

ctctacactce

acctgcaacyg

gattgtggtt

cccccaaagce

gtagacatca

gtgcacacag

agtgaacttc

acatgetgtt

aggtgcagcet

catgtgcage

caggaaaggg

attatgccga

tctatctgea

gggactggtt

cacccccatce

ccctgggatyg

gatccetgte

tgagcagetce

ttgcccacce

gtaagcctty

ccaaggatgt

gcaaggatga

ctcagacgca

ccatcatgeca

ggggctgaag

tgttgagtet

ctctggatta

tttggaatgg

ttcagtgaaa

aatgaacaac

tgattactgg

tgtctatcca

cctggtcaag

cagcggtgtg

agtgactgtc

ggccagcage

catatgtaca

gctcaccatt

tccegaggte

accccgggag

ccaggactgg

tgggttttet

ggtggaggat

accttcaata

gttgctcgea

gacaggttca

ttgaaaactg

ggccaaggga

ctggeeectyg

ggctatttee

cacaccttcee

ccctecagea

accaaggtygg

gtcecagaag

actctgacte

cagttcaget

gagcagttca

ctcaatggca

45

Val Pro Ala
60

Thr Ile Thr

Leu Trp Tyr

Val Leu Gly

110

Ser Ser Glu
125

Thr Asp Phe
140

Thr Pro Val

Asn Asn Lys

Trp Glu Arg
190

Thr Val Glu
205

Syntehtic oligonucleotide.

ttgttgtttt

tggtgcagee

tctacgecat

taagaaataa

ccatctecag

aggacacagce

ctctggteac

gatctgetge

ctgagccagt

cagctgtect

cctggeccag

acaagaaaat

tatcatctgt

ctaaggtcac

ggtttgtaga

acagcacttt

aggagttcaa

Arg Phe

Gly Ala
80

Ser Asn
95

Gln Pro

Glu Leu

Tyr Pro

Thr Gln
160

Tyr Met
175

His Ser

Lys Ser

ttatcaaggt
taaagggtca
gaactgggte
aagtaataat
agatgattca
catgtattac
tgtctetgea
ccaaactaac
gacagtgacc
gcagtctgac
cgagaccgte
tgtgcccagy
cttcatcttce
gtgtgttgty
tgatgtggag
ccgeteagte

atgcagggtce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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aacagtgcag
aaggctccac
agtctgacct
aatgggcage
tacttegtet
acctgetetyg
tctectggta
<210> SEQ I

<211> LENGT.
<212> TYPE:

cttteectge
aggtgtacac
gcatgataac
cagcggagaa
acagcaagct
tgttacatga
aagctagetg
D NO 8

H: 443
PRT

ccccategag

cattccacct

agacttctte

ctacaagaac

caatgtgcag

gggectgcac

a

aaaaccatct

cccaaggage

cctgaagaca

actcagccca

aagagcaact

aaccaccata

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 8

Glu Val Gln
1

Ser Leu Lys

Ala Met Asn
35

Ala Arg Ile
50

Ser Val Lys

Leu Tyr Leu

Tyr Cys Val

Val Thr Val
115

Ala Pro Gly
130

Leu Val Lys
145

Gly Ser Leu

Asp Leu Tyr

Pro Ser Glu
195

Lys Val Asp
210

Ile Cys Thr
225

Pro Lys Asp

Val Val Asp

Val Asp Asp

275

Gln Phe Asn

Leu Val Glu Ser Gly

5

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Arg Asn Lys Ser Asn

55

Asp Arg Phe Thr Ile

70

Gln Met Asn Asn Leu

85

Gly Arg Asp Trp Phe

100

Ser Ala Ala Lys Thr

120

Ser Ala Ala Gln Thr

135

Gly Tyr Phe Pro Glu
150

Ser Ser Gly Val His

165

Thr Leu Ser Ser Ser

180

Thr Val Thr Cys Asn

200

Lys Lys Ile Val Pro

215

Val Pro Glu Val Ser
230

Val Leu Thr Ile Thr

245

Ile Ser Lys Asp Asp

260

Val Glu Val His Thr

280

Ser Thr Phe Arg Ser

Gly

Ser

25

Pro

Asn

Ser

Lys

Asp

105

Thr

Asn

Pro

Thr

Val

185

Val

Arg

Ser

Leu

Pro
265

Ala

Val

Gly

Gly

Gly

Tyr

Arg

Thr

90

Tyr

Pro

Ser

Val

Phe

170

Thr

Ala

Asp

Val

Thr
250
Glu

Gln

Ser

Synthetic peptide.

Leu

Leu

Lys

Ala

Asp

Glu

Trp

Pro

Met

Thr

155

Pro

Val

His

Cys

Phe

235

Pro

Val

Thr

Glu

ccaaaaccaa aggcagaccg
agatggccaa ggataaagtc
ttactgtgga gtggcagtgyg
tcatggacac agatggctct
gggaggcagg aaatacttte

ctgagaagag cctcteccac

Val Gln Pro Lys Gly
15

Thr Phe Asn Ile Tyr
30

Gly Leu Glu Trp Val
45

Thr Tyr Tyr Ala Asp
60

Asp Ser Gln Ser Leu
80

Asp Thr Ala Met Tyr
95

Gly Gln Gly Thr Leu
110

Ser Val Tyr Pro Leu
125

Val Thr Leu Gly Cys
140

Val Thr Trp Asn Ser
160

Ala Val Leu Gln Ser
175

Pro Ser Ser Thr Trp
190

Pro Ala Ser Ser Thr
205

Gly Cys Lys Pro Cys
220

Ile Phe Pro Pro Lys
240

Lys Val Thr Cys Val
255

Gln Phe Ser Trp Phe
270

Gln Pro Arg Glu Glu
285

Leu Pro Ile Met His

1080

1140

1200

1260

1320

1380

1401
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-continued
290 295 300
Gln Asp Trp Leu Asn Gly Lys Glu Phe Lys Cys Arg Val Asn Ser Ala
305 310 315 320
Ala Phe Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Thr Lys Gly Arg
325 330 335
Pro Lys Ala Pro Gln Val Tyr Thr Ile Pro Pro Pro Lys Glu Gln Met
340 345 350
Ala Lys Asp Lys Val Ser Leu Thr Cys Met Ile Thr Asp Phe Phe Pro
355 360 365
Glu Asp Ile Thr Val Glu Trp Gln Trp Asn Gly Gln Pro Ala Glu Asn
370 375 380
Tyr Lys Asn Thr Gln Pro Ile Met Asp Thr Asp Gly Ser Tyr Phe Val
385 390 395 400
Tyr Ser Lys Leu Asn Val Gln Lys Ser Asn Trp Glu Ala Gly Asn Thr
405 410 415
Phe Thr Cys Ser Val Leu His Glu Gly Leu His Asn His His Thr Glu
420 425 430
Lys Ser Leu Ser His Ser Pro Gly Lys Ala Ser
435 440
<210> SEQ ID NO 9
<211> LENGTH: 60
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide.
<400> SEQUENCE: 9
Met Trp Val Pro Val Val Phe Leu Thr Leu Ser Val Thr Trp Ile Gly
1 5 10 15
Ala Ala Pro Leu Ile Leu Ser Arg Ile Val Gly Gly Trp Glu Cys Glu
20 25 30
Lys His Ser Gln Pro Trp Gln Val Leu Val Ala Ser Arg Gly Arg Ala
35 40 45
Val Cys Gly Gly Val Leu Val His Pro Gln Trp Val
50 55 60
<210> SEQ ID NO 10
<211> LENGTH: 60
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Syhthetic peptide.
<400> SEQUENCE: 10
Leu Thr Ala Ala His Cys Ile Arg Asn Lys Ser Val Ile Leu Leu Gly
1 5 10 15
Arg His Ser Leu Phe His Pro Glu Asp Thr Gly Gln Val Phe Gln Val
20 25 30
Ser His Ser Phe Pro His Pro Leu Tyr Asp Met Ser Leu Leu Lys Asn
35 40 45
Arg Phe Leu Arg Pro Gly Asp Asp Ser Ser His Asp
50 55 60
<210> SEQ ID NO 11
<211> LENGTH: 60
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence

<220>

FEATURE:
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-continued
<223> OTHER INFORMATION: Synthetic peptide.
<400> SEQUENCE: 11
Leu Met Leu Leu Arg Leu Ser Glu Pro Ala Glu Leu Thr Asp Ala Val

1 5

Lys Val Met Asp Leu Pro Thr Gln
20

Tyr Ala Ser Gly Trp Gly Ser Ile
35 40

Lys Lys Leu Gln Cys Val Asp Leu
50 55

<210> SEQ ID NO 12
<211> LENGTH: 60
<212> TYPE: PRT

10

Glu Pro Ala Leu
25

Glu Pro Glu Glu

His Val Ile Ser
60

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 12

Asn Asp Val Cys Ala Gln Val His
1 5

Leu Cys Ala Gly Arg Trp Thr Gly
20

Ser Gly Gly Pro Leu Val Cys Asn
35 40

Trp Gly Ser Glu Pro Cys Ala Leu
50 55

<210> SEQ ID NO 13
<211> LENGTH: 21
<212> TYPE: PRT

Pro Gln Lys Val
10

Gly Lys Ser Thr
25

Gly Val Leu Gln

Pro Glu Arg Pro
60

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 13

Gly

Phe
45

Thr

Cys

Thr
30

Leu

Lys

Ser
30

15

Thr Cys

Thr Pro

Phe Met
15

Gly Asp

Gly Ile Thr Ser

45

Ser Leu Tyr Thr Lys Val Val His Tyr Arg Lys Trp Ile Lys Asp Thr

1 5

Ile Val Ala Asn Pro
20

<210> SEQ ID NO 14
<211> LENGTH: 9
<212> TYPE: PRT

10

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 14

Ile Met Asp Gln Val Pro Phe Ser
1 5

<210> SEQ ID NO 15
<211> LENGTH: 9
<212> TYPE: PRT

Val

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 15

Ile Thr Asp Gln Val Pro Phe Ser
1 5

Val

15
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88

<210> SEQ ID NO 16

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 16

Tyr Leu Glu Pro Gly Pro Val Thr Val
1 5

<210> SEQ ID NO 17

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 17

Tyr Leu Glu Pro Gly Pro Val Thr Ala
1 5

<210> SEQ ID NO 18

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Syntehtic peptide.

<400> SEQUENCE: 18

Lys Thr Trp Gly Gln Tyr Trp Gln Val
1 5

<210> SEQ ID NO 19

<211> LENGTH: 244

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 19

Ala Pro Leu Ile Leu Ser Arg Ile Val Gly Gly Trp Glu Cys Glu Lys
1 5 10 15

His Ser Gln Pro Trp Gln Val Leu Val Ala Ser Arg Gly Arg Ala Val
20 25 30

Cys Gly Gly Val Leu Val His Pro Gln Trp Val Leu Thr Ala Ala His
35 40 45

Cys Ile Arg Asn Lys Ser Val Ile Leu Leu Gly Arg His Ser Leu Phe

His Pro Glu Asp Thr Gly Gln Val Phe Gln Val Ser His Ser Phe Pro
65 70 75 80

His Pro Leu Tyr Asp Met Ser Leu Leu Lys Asn Arg Phe Leu Arg Pro
85 90 95

Gly Asp Asp Ser Ser His Asp Leu Met Leu Leu Arg Leu Ser Glu Pro
100 105 110

Ala Glu Leu Thr Asp Ala Val Lys Val Met Asp Leu Pro Thr Gln Glu
115 120 125

Pro Ala Leu Gly Thr Thr Cys Tyr Ala Ser Gly Trp Gly Ser Ile Glu
130 135 140

Pro Glu Glu Phe Leu Thr Pro Lys Lys Leu Gln Cys Val Asp Leu His
145 150 155 160
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Lys

Ser

Ile

Leu
225

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ile

Phe

Gly

Thr

210

Tyr

Ala

Ser

Met

Asp

195

Ser

Thr

Asn

Asn

Leu

180

Ser

Trp

Lys

Pro

PRT

SEQUENCE :

Asp

165

Cys

Gly

Gly

Val

SEQ ID NO 20
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

230

20

Asp Thr Thr Glu Pro

1

Thr

Leu

Ala

Ser

65

Ala

Ile

Gln

Gly

Tyr

145

Thr

Pro

Phe

His
225

<210>
<211>
<212>
<213>
<220>

Thr

Arg

Gln

50

Asn

Leu

Trp

Pro

Gly

130

Val

Ser

Met

Leu

Ser
210

Phe

Lys

Thr

35

Arg

Asp

Asn

Val

Val

115

Pro

Trp

Gly

Glu

Ala
195

Val

Leu

Val

20

Lys

Leu

Gly

Phe

Asn

100

Tyr

Cys

Lys

Leu

Val

180

His

Ser

Arg

PRT

73

5

Pro

Ala

Asp

Pro

Pro

85

Asn

Pro

Pro

Thr

Ser

165

Thr

Ser

Val

Asn

SEQ ID NO 21
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

Val

Ala

Gly

Ser

Val
230

Ala

Arg

Trp

Cys

Thr

70

Gly

Thr

Gln

Ser

Trp

150

Ile

Val

Ser

Ser

Gln
230

Cys

Gly

Pro

Glu

215

His

Ala

Arg

Leu

200

Pro

Tyr

Gln

Trp

185

Val

Cys

Arg

Val

170

Thr

Cys

Ala

Lys

His

Gly

Asn

Leu

Trp
235

Synthetic peptide.

Thr

Asn

Asn

Trp

55

Leu

Ser

Ile

Glu

Gly

135

Gly

Gly

Tyr

Ser

Gln
215

Pro

Gln

Arg

Arg

Ile

Gln

Ile

Thr

120

Ser

Gln

Thr

His

Ala
200

Leu

Thr

Asp

25

Gln

Gly

Gly

Lys

Asn

105

Asp

Trp

Tyr

Gly

Arg

185

Phe

Arg

Thr

10

Trp

Leu

Gly

Ala

Val

90

Gly

Asp

Ser

Trp

Arg

170

Arg

Thr

Ala

Pro

Leu

Tyr

Gln

Asn

75

Leu

Ser

Ala

Gln

Gln

155

Ala

Gly

Ile

Leu

Pro

Gly

Gly

Pro

220

Ile

Val

Gly

Pro

Val

60

Ala

Pro

Gln

Cys

Lys

140

Val

Met

Ser

Thr

Asp
220

Gln

Lys

Val

205

Glu

Lys

Thr

Val

Glu

45

Ser

Ser

Asp

Val

Ile

125

Arg

Leu

Leu

Gln

Asp

205

Gly

Lys

Ser

190

Leu

Arg

Asp

Thr

Ser

30

Trp

Leu

Phe

Gly

Trp

110

Phe

Ser

Gly

Gly

Ser

190

Gln

Gly

Val

175

Thr

Gln

Pro

Thr

Pro

15

Arg

Thr

Lys

Ser

Gln

95

Gly

Pro

Phe

Gly

Thr

175

Tyr

Val

Asn

Thr

Cys

Gly

Ser

Ile
240

Thr

Gln

Glu

Val

Ile

80

Val

Gly

Asp

Val

Pro

160

His

Val

Pro

Lys
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<223> OTHER INFORMATION: Synthetic peptide.
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (38)..(38)

<223> OTHER INFORMATION: Xaa can be any naturally occurring

<400> SEQUENCE: 21

Pro

1

Glu

Leu

Pro

Cys
65

Leu Thr Phe Ala Leu Gln Leu His Asp Pro
Ala Asp Leu Ser Tyr Thr Trp Asp Phe Gly
20 25

Ile Ser Arg Ala Xaa Val Val Thr His Thr
35 40

Val Thr Ala Gln Val Val Leu Gln Ala Ala
50 55

Gly Ser Ser Pro Val Pro Ala Ser
70

<210> SEQ ID NO 22

<211> LENGTH: 109

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 22

Gly
1
Ala
Ala
Thr
Thr
65

Thr

Glu

Thr Thr Asp Gly His Arg Pro Thr Ala Glu

Gly Gln Val Pro Thr Thr Glu Val Val Gly

Pro Thr Ala Glu Pro Ser Gly Thr Thr Ser

35 40

Glu Val Ile Ser Thr Ala Pro Val Gln Met
50 55

Gly Met Thr Pro Glu Lys Val Pro Val Ser
70 75

Leu Ala Glu Met Ser Thr Pro Glu Ala Thr
85 90

Val Ser Ile Val Val Leu Ser Gly Thr Thr
100 105

<210> SEQ ID NO 23

<211> LENGTH: 75

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 23

Gln

1

Ile

Ser

Arg

Gly
65

Val Thr Thr Thr Glu Trp Val Glu Thr Thr
5 10

Pro Glu Pro Glu Gly Pro Asp Ala Ser Ser
20 25

Ile Thr Gly Ser Leu Gly Pro Leu Leu Asp
35 40

Leu Val Lys Arg Gln Val Pro Leu Asp Cys
50 55

Ser Phe Ser Val Thr Leu Asp Ile Val Gln
70 75

Ser

Asp

Tyr

Ile
60

Ala

Thr

Val

Pro

60

Glu

Gly

Ala

Ala

Ile

Gly

Val
60

Gly

Ser

Leu

45

Pro

Pro

Thr

Gln

45

Thr

Val

Met

Ala

Arg

Met

Thr

45

Leu

Tyr
Ser
30

Glu

Leu

Asn

Pro

30

Val

Ala

Met

Thr

Glu

Ser

30

Ala

Tyr

Leu
15
Gly

Pro

Thr

Thr

15

Gly

Pro

Glu

Gly

Pro
95

Leu
15
Thr

Thr

Arg

amino acid

Ala

Thr

Gly

Ser

Thr

Gln

Thr

Ser

Thr

80

Ala

Pro

Glu

Leu

Tyr
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<210> SEQ ID NO 24

<211> LENGTH: 109

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 24

Gly Ile Glu Ser Ala Glu Ile Leu Gln Ala Val Pro Ser Gly Glu Gly
1 5 10 15

Asp Ala Phe Glu Leu Thr Val Ser Cys Gln Gly Gly Leu Pro Lys Glu
20 25 30

Ala Cys Met Glu Ile Ser Ser Pro Gly Cys Gln Pro Pro Ala Gln Arg
35 40 45

Leu Cys Gln Pro Val Leu Pro Ser Pro Ala Cys Gln Leu Val Leu His
50 55 60

Gln Ile Leu Lys Gly Gly Ser Gly Thr Tyr Cys Leu Asn Val Ser Leu
65 70 75 80

Ala Asp Thr Asn Ser Leu Ala Val Val Ser Thr Gln Leu Ile Val Pro
85 90 95

Gly Ile Leu Leu Thr Gly Gln Glu Ala Gly Leu Gly Gln
100 105

<210> SEQ ID NO 25

<211> LENGTH: 50

<212> TYPE: PRT

<213> ORGANISM: ARtificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 25

Met Glu Met Lys Ile Leu Arg Ala Leu Asn Phe Gly Leu Gly Arg Pro
1 5 10 15

Leu Pro Leu His Phe Leu Arg Arg Ala Ser Lys Ile Gly Glu Val Asp
20 25 30

Val Glu Gln His Thr Leu Ala Lys Tyr Leu Met Glu Leu Thr Met Leu
35 40 45

Asp Tyr
50

<210> SEQ ID NO 26

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 26

Asp Trp Leu Val Gln Val Gln Met Lys Phe Arg Leu Leu Gln Glu Thr
1 5 10 15

Met Tyr Met Thr Val Ser Ile Ile Asp Arg Phe Met Gln Asn Asn Cys
20 25 30

Val Pro Lys Lys
35

<210> SEQ ID NO 27

<211> LENGTH: 48

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Syntehtic peptide.
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<400> SEQUENCE: 27
Met Glu His Gln Leu Leu Cys Cys Glu Val Glu Thr Ile Arg Arg Ala
1 5 10 15
Tyr Pro Asp Ala Asn Leu Leu Asn Asp Arg Val Leu Arg Ala Met Leu
20 25 30
Lys Ala Glu Glu Thr Cys Ala Pro Ser Val Ser Tyr Phe Lys Cys Val
35 40 45
<210> SEQ ID NO 28
<211> LENGTH: 95
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide.
<400> SEQUENCE: 28
Gln Lys Glu Val Leu Pro Ser Met Arg Lys Ile Val Ala Thr Trp Met
1 5 10 15
Leu Glu Val Cys Glu Glu Gln Lys Cys Glu Glu Glu Val Phe Pro Leu
20 25 30
Ala Met Asn Tyr Leu Asp Arg Phe Leu Ser Leu Glu Pro Val Lys Lys
35 40 45
Ser Arg Leu Gln Leu Leu Gly Ala Thr Cys Met Phe Val Ala Ser Lys
50 55 60
Met Lys Glu Thr Ile Pro Leu Thr Ala Glu Lys Leu Cys Ile Tyr Thr
65 70 75 80
Asp Asn Ser Ile Arg Pro Glu Glu Leu Leu Gln Met Glu Leu Leu
85 90 95
<210> SEQ ID NO 29
<211> LENGTH: 60
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide.
<400> SEQUENCE: 29
Leu Val Asn Lys Leu Lys Trp Asn Leu Ala Ala Met Thr Pro His Asp
1 5 10 15
Phe Ile Glu His Phe Leu Ser Lys Met Pro Glu Ala Glu Glu Asn Lys
20 25 30
Gln Ile Ile Arg Lys His Ala Gln Thr Phe Val Ala Leu Cys Ala Thr
35 40 45
Asp Val Lys Phe Ile Ser Asn Pro Pro Ser Met Val
50 55 60
<210> SEQ ID NO 30
<211> LENGTH: 92
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide.
<400> SEQUENCE: 30

Ala Ala Gly Ser Val Val Ala Ala Val Gln Gly Leu Asn Leu Arg Ser

1

5

10

15

Pro Asn Asn Phe Leu Ser Tyr Tyr Arg Leu Thr Arg Phe Leu Ser Arg

20 25

30

Val Ile Lys Cys Asp Pro Asp Cys Leu Arg Ala Cys Gln Glu Gln Ile
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98

35 40 45

Glu Ala Leu Leu Glu Ser Ser Leu Arg Gln Ala Gln Gln Asn Met Asp
50 55 60

Pro Lys Ala Ala Glu Glu Glu Glu Glu Glu Glu Glu Glu Val Asp Leu
65 70 75 80

Ala Cys Thr Pro Thr Asp Val Arg Asp Val Asp Ile
85 90

<210> SEQ ID NO 31

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 31

Val Gly Phe Pro Val Thr Pro Gln Val Pro Leu Arg Pro Met Thr Tyr
1 5 10 15

Lys Ala Ala Val Asp Leu Ser His Phe Leu Lys Glu Lys Gly Gly Leu
20 25 30

<210> SEQ ID NO 32

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 32

His Thr Gln Gly Tyr Phe Pro Asp Trp Gln Asn Tyr Thr Pro Gly Pro
1 5 10 15

Gly Val Arg Tyr Pro Leu Thr Phe Gly Trp Leu Tyr Lys Leu
20 25 30

<210> SEQ ID NO 33

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 33

Glu Lys Ile Arg Leu Arg Pro Gly Gly Lys Lys Lys Tyr Lys Leu Lys
1 5 10 15

His Ile Val

<210> SEQ ID NO 34

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Syntehtic peptide.

<400> SEQUENCE: 34

Asn Pro Pro Ile Pro Val Gly Glu Ile Tyr Lys Arg Trp Ile Ile Leu
1 5 10 15

Gly Leu Asn Lys Ile Val Arg Met Tyr Ser Pro Thr Ser Ile Leu Asp
20 25 30

<210> SEQ ID NO 35

<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

35

Syntehtic peptide.

Ala Ile Phe Gln Ser Ser Met Thr Lys Ile Leu Glu Pro Phe Arg Lys

1

5

10

15

Gln Asn Pro Asp Ile Val Ile Tyr Gln Tyr Met Asp Asp Leu Tyr

<210>
<211>
<212>
<213>
<220>
<223>

20

PRT

<400> SEQUENCE:

Asp

1

Asp

Leu

Pro

Pro

65

Glu

Asp

Arg

Asn

Arg

145

Lys

Gly

Asn

Phe

Arg

225

Phe

Ser

Glu

Leu

Tyr

Thr

Thr

Glu

Leu

50

Glu

Thr

Tyr

Phe

Gly

130

Asn

Asn

Ile

Glu

Thr

210

Met

Glu

Arg

Cys

Pro
290

Val

Ile

Val

Asp

35

Gln

Cys

Pro

Glu

Glu

115

Val

Leu

Ser

His

Asn

195

Pro

Asn

Ala

Gly

Asn
275

Tyr

Arg

Cys

Leu

20

Ser

Leu

Asp

Asn

Glu

100

Ile

Thr

Leu

Tyr

His

180

Ala

Glu

Tyr

Asn

Phe

260

Thr

Gln

Ser

SEQ ID NO 36
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

314

36

Ile

Glu

His

Gly

Pro

Ser

Leu

Phe

Ala

Trp

Val

165

Pro

Tyr

Ile

Tyr

Gly

245

Gly

Lys

Asn

Ala

Gly

Lys

Asn

Lys

Leu

70

Glu

Arg

Pro

Ala

Leu

150

Asn

Pro

Val

Ala

Trp

230

Asn

Ser

Cys

Ile

Lys

25

Syntehtic peptide.

Tyr

Asn

Gly

Cys

55

Leu

Asn

Glu

Lys

Cys

135

Thr

Lys

Asn

Ser

Glu

215

Thr

Leu

Gly

Gln

His
295

Leu

His

Val

Lys

40

Asn

Pro

Gly

Gln

Glu

120

Ser

Glu

Lys

Ser

Val

200

Arg

Leu

Ile

Ile

Thr
280

Pro

Arg

Ala

Thr

25

Leu

Ile

Val

Ile

Leu

105

Ser

His

Lys

Gly

Lys

185

Val

Pro

Leu

Ala

Ile
265
Pro

Val

Met

Asn

10

Val

Cys

Ala

Arg

Cys

90

Ser

Ser

Glu

Glu

Lys

170

Glu

Thr

Lys

Lys

Pro

250

Thr

Leu

Thr

Val

Asn

Thr

Arg

Gly

Ser

75

Tyr

Ser

Trp

Gly

Gly

155

Glu

Gln

Ser

Val

Pro

235

Met

Ser

Gly

Ile

Ser

His

Leu

Trp

60

Trp

Pro

Val

Pro

Lys

140

Ser

Val

Gln

Asn

Arg

220

Gly

Tyr

Asn

Ala

Gly
300

Thr

Ser

Lys

45

Leu

Ser

Gly

Ser

Asn

125

Ser

Tyr

Leu

Asn

Tyr

205

Asp

Asp

Ala

Ala

Ile
285

Glu

30

Asp

Val

Gly

Leu

Tyr

Asp

Ser

110

His

Ser

Pro

Val

Leu

190

Asn

Gln

Thr

Phe

Ser
270

Asn

Cys

Thr

15

Asn

Ile

Gly

Ile

Phe

95

Phe

Asn

Phe

Lys

Leu

175

Tyr

Arg

Ala

Ile

Ala
255
Met

Ser

Pro

Val

Leu

Ala

Asn

Val

80

Ile

Glu

Thr

Tyr

Leu

160

Trp

Gln

Arg

Gly

Ile

240

Leu

His

Ser

Lys



US 9,315,580 B2
101 102

-continued

305 310

<210> SEQ ID NO 37

<211> LENGTH: 314

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Syntehtic peptide.

<400> SEQUENCE: 37

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
1 5 10 15

Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
20 25 30

Leu Glu Lys Lys His Asn Gly Lys Leu Cys Asp Leu Asp Gly Val Lys
35 40 45

Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gly Trp Leu Leu Gly Asn
50 55 60

Pro Met Cys Asp Glu Phe Ile Asn Val Pro Glu Trp Ser Tyr Ile Val
65 70 75 80

Glu Lys Ala Asn Pro Val Asn Asp Leu Cys Tyr Pro Gly Asp Phe Asn
85 90 95

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Ser His Glu Ala Ser
115 120 125

Leu Gly Val Ser Ser Ala Cys Pro Tyr Gln Gly Lys Ser Ser Phe Phe
130 135 140

Arg Asn Val Val Trp Leu Ile Lys Lys Asn Ser Thr Tyr Pro Thr Ile
145 150 155 160

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Val Leu Trp
165 170 175

Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr Lys Leu Tyr Gln
180 185 190

Asn Pro Thr Thr Tyr Ile Ser Val Gly Thr Ser Thr Leu Asn Gln Arg
195 200 205

Leu Val Pro Arg Ile Ala Thr Arg Ser Lys Val Asn Gly Gln Ser Gly
210 215 220

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
225 230 235 240

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
245 250 255

Val Lys Lys Gly Asp Ser Thr Ile Met Lys Ser Glu Leu Glu Tyr Gly
260 265 270

Asn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
275 280 285

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
290 295 300

Tyr Val Lys Ser Asn Arg Leu Val Leu Ala
305 310

<210> SEQ ID NO 38

<211> LENGTH: 231

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Syntehtic peptide.
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-continued

104

<400> SEQUENCE:

Ser

Pro

Ala

65

Asp

Arg

Glu

Ile

Tyr

145

Phe

Ala

Asn

Ala

Gly
225

<210>
<211>
<212>
<213>
<220>
<223>

Ile

Arg

Pro

Gln

50

Met

Arg

Glu

Gln

Tyr

130

Ser

Arg

Ser

Ala

Thr

210

His

Val

Thr

Glu

35

Asp

Gln

Val

Pro

Ile

115

Lys

Pro

Asp

Gln

Asn

195

Leu

Lys

Gln

Leu

20

Val

Leu

Met

His

Arg

100

Gly

Arg

Thr

Tyr

Glu

180

Pro

Glu

Ala

PRT

<400> SEQUENCE:

Asn

Asn

Ile

Asn

Leu

Pro

85

Gly

Trp

Trp

Ser

Val

165

Val

Asp

Glu

Arg

SEQ ID NO 39
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

25

39

Ile

Ala

Pro

Thr

Lys

70

Val

Ser

Met

Ile

Ile

150

Asp

Lys

Cys

Met

Val
230

Gln

Trp

Met

Met

55

Glu

His

Asp

Thr

Ile

135

Leu

Arg

Asn

Lys

Met

215

Leu

Gly

Val

Phe

40

Leu

Thr

Ala

Ile

Asn

120

Leu

Asp

Phe

Trp

Thr

200

Thr

Gln

Lys

25

Ser

Asn

Ile

Gly

Ala

105

Asn

Gly

Ile

Tyr

Met

185

Ile

Ala

Met

10

Val

Ala

Thr

Asn

Pro

90

Gly

Pro

Leu

Arg

Lys

170

Thr

Leu

Cys

Val

Val

Leu

Val

Glu

75

Ile

Thr

Pro

Asn

Gln

155

Thr

Glu

Lys

Gln

Synthetic peptide.

His

Glu

Ser

Gly

Glu

Ala

Thr

Ile

Lys

140

Gly

Leu

Thr

Ala

Gly
220

Gln

Glu

Glu

45

Gly

Ala

Pro

Ser

Pro

125

Ile

Pro

Arg

Leu

Leu

205

Val

Ala

Lys

30

Gly

His

Ala

Gly

Thr

110

Val

Val

Lys

Ala

Leu

190

Gly

Gly

Ile

15

Ala

Ala

Gln

Glu

Gln

95

Leu

Gly

Arg

Glu

Glu

175

Val

Pro

Gly

Ser

Phe

Thr

Ala

Trp

80

Met

Gln

Glu

Met

Pro

160

Gln

Gln

Ala

Pro

Ser Ser Val Ser Pro Thr Thr Ser Val His Pro Thr Pro Thr Ser Val

1

5

Pro Pro Thr Pro Thr Lys Ser Ser Pro

<210>
<211>
<212>
<213>
<220>
<223>

20

PRT

<400> SEQUENCE:

SEQ ID NO 40
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

25

40

25

10

Synthetic peptide.

15

Pro Thr Ser Thr Pro Ala Asp Ser Ser Thr Ile Thr Pro Thr Ala Thr

1

5

Pro Thr Ala Thr Pro Thr Ile Lys Gly

20

25

10

15
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-continued

106

<210> SEQ ID NO
<211> LENGTH: 25
<212> TYPE: PRT

41

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFO

<400> SEQUENCE:

RMATION: Synthetic peptide.

41

Thr Val Thr Pro Thr Ala Thr Ala Thr Pro Ser Ala Ile Val Thr Thr

1

5

Ile Thr Pro Thr Ala Thr Thr Lys Pro

20

<210> SEQ ID NO
<211> LENGTH: 25
<212> TYPE: PRT

42

25

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFO

<400> SEQUENCE:

Thr Asn Gly Ser
1

Thr Val Asn Ala
20

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT

10

RMATION: Synthetic peptide.

42

15

Ile Thr Val Ala Ala Thr Ala Pro Thr Val Thr Pro

5

Thr Pro Ser Ala Ala

43

25

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFO

<400> SEQUENCE:

10

RMATION: Synthetic peptide.

43

Gly Ile Leu Gly Phe Val Phe Thr Leu

1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT

5

44

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFO

<400> SEQUENCE:

RMATION: Synthetic peptide.

44

Lys Leu Gln Cys Val Asp Leu His Val

1

<210> SEQ ID NO
<211> LENGTH: 76
<212> TYPE: PRT

5

45

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

Ala Ser Ile Ser
1

Asn Thr Tyr Leu
20

Leu Leu Ile Tyr
35

Phe Ser Gly Ser

45

Cys Arg Ser
5

His Trp Tyr

Lys Val Ser

Gly Ser Gly

Ser

Leu

Asn

40

Thr

Gln

Gln

25

Arg

Asn

Ser

10

Lys

Phe

Phe

Synthetic peptide.

Leu Val His

Pro Gly Gln

Ser Gly Val

45

Thr Leu Lys

Ser

Ser

30

Pro

Ile

15

Asn Gly

Pro Lys

Asp Arg

Ser Arg
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108

-continued
50 55 60
Val Glu Ala Glu Asp Leu Gly Leu Tyr Phe Cys Ser
65 70 75
<210> SEQ ID NO 46
<211> LENGTH: 81
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide.
<400> SEQUENCE: 46
Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
1 5 10 15
Val Ile Ser Trp Val Lys Gln Arg Thr Gly Gln Gly Leu Glu Trp Ile
20 25 30
Gly Asp Ile Tyr Pro Gly Ser Gly Tyr Ser Phe Tyr Asn Glu Asn Phe
35 40 45
Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Thr Thr Ala Tyr
50 55 60
Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe Cys
65 70 75 80
Ala
<210> SEQ ID NO 47
<211> LENGTH: 74
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide.
<400> SEQUENCE: 47
Val Thr Leu Thr Cys Arg Ser Ser Thr Gly Ala Val Thr Thr Ser Asn
1 5 10 15
Tyr Ala Asn Trp Val Gln Glu Lys Pro Asp His Leu Phe Thr Gly Leu
20 25 30
Ile Gly Gly Thr Asn Asn Arg Val Ser Gly Val Pro Ala Arg Phe Ser
35 40 45
Gly Ser Leu Ile Gly Asp Lys Ala Ala Leu Thr Ile Thr Gly Ala Gln
50 55 60
Thr Glu Asp Glu Ala Ile Tyr Phe Cys Ala
65 70
<210> SEQ ID NO 48
<211> LENGTH: 82
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide.
<400> SEQUENCE: 48
Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Leu Thr Phe Asn Ile Tyr
1 5 10 15
Ala Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
20 25 30
Ala Arg Ile Arg Asn Lys Ser Asn Asn Tyr Ala Thr Tyr Tyr Ala Asp
35 40 45
Ser Val Lys Asp Arg Phe Thr Ile Ser Arg Asp Asp Ser Gln Ser Leu
50 55 60
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-continued

110

Leu Tyr Leu Gln Met Asn Asn Leu Lys Thr Glu Asp Thr Ala Met Tyr

65
Tyr Cys
<210> SEQ I

<211> LENGT.
<212> TYPE:

70

D NO 49
H: 717
DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 49

atgaagttge
gttgtgatga
tcttgcagat
ctgcagaage
ggggtcccag
agagtggagg
acgttecggag
atcttececac
aacaacttct
aatggegtcc
agcaccctca
actcacaaga
<210> SEQ I

<211> LENGT.
<212> TYPE:

ctgttagget
cccaaactee
ctagtcagag
caggccagte
acaggttcag
ctgaggatct
gggggaccaa
catccagtga
accccaaaga
tgaacagttg
cgttgaccaa
catcaacttce
D NO 50

H: 219
PRT

gttggtgctg

actcteeetyg

ccttgtacac

tccaaagete

tggcagtgga

gggactttat

getggaaata

gcagttaaca

catcaatgtc

gactgatcag

ggacgagtat

acccategte

75

atgttctgga

cctgtecgte

agtaatggaa

ctgatctaca

tcagggacaa

ttetgetete

aaacgggcetyg

tctggaggtg

aagtggaaga

gacagcaaag

gaacgacata

aagagcttca

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 50

Asp Val Val
1

Asp Gln Ala
Asn Gly Asn
35

Pro Lys Leu
50

Asp Arg Phe
65

Ser Arg Val

Thr His Val

Arg Ala Asp

115

Gln Leu Thr
130

Tyr Pro Lys
145

Met Thr Gln Thr Pro

Ser Ile Ser Cys Arg

20

Thr Tyr Leu His Trp

40

Leu Ile Tyr Lys Val

55

Ser Gly Ser Gly Ser

70

Glu Ala Glu Asp Leu

85

Pro Tyr Thr Phe Gly

100

Ala Ala Pro Thr Val

120

Ser Gly Gly Ala Ser

135

Asp Ile Asn Val Lys
150

Leu

Ser

25

Tyr

Ser

Gly

Gly

Gly

105

Ser

Val

Trp

Ser

10

Ser

Leu

Asn

Thr

Leu

90

Gly

Ile

Val

Lys

Syntehtic peptide.

Leu

Gln

Gln

Arg

Asn

75

Tyr

Thr

Phe

Cys

Ile
155

Syntehtic oligonucleotide.

ttcetgette
ttggagatca
acacctattt
aagtttccaa
atttcacact
aaagtacaca
atgctgcace
cctecagtegt
ttgatggcag
acagcaccta
acagctatac

acaggaatga

Pro Val Arg
Ser Leu Val
30

Lys Pro Gly
45

Phe Ser Gly
60

Phe Thr Leu

Phe Cys Ser
Lys Leu Glu
110

Pro Pro Ser
125

Phe Leu Asn
140

Asp Gly Ser

80

cagcagtgat
agcctecate
acattggtac
cegattttet
caagatcagce
tgttcegtac
aactgtatcc
gtgcttetty
tgaacgacaa
cagcatgaac
ctgtgaggec

gtgttag

Leu Gly
15

His Ser

Gln Ser

Val Pro

Lys Ile

80

Gln Ser

95

Ile Lys

Ser Glu

Asn Phe

Glu Arg
160

60

120

180

240

300

360

420

480

540

600

660

717
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-continued

112

Gln Asn Gly

Thr Tyr Ser

Val Leu Asn Ser Trp

165

Met Asn Ser Thr Leu

180

Arg His Asn Ser Tyr Thr Cys Glu

195

Pro Ile Val
210

<210> SEQ I
<211> LENGT.
<212> TYPE:

200

Lys Ser Phe Asn Arg

D NO 51
H: 714
DNA

215

Thr

Thr

185

Ala

Asn

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 51

atggatttte
aatggagaaa
atcactatca
cagaagccag
gtcccagete
atggaggctg
ttceggetegy
ttcccaccat
aacttctacc
ggcgtectga
acccteacgt
cacaagacat
<210> SEQ I

<211> LENGT.
<212> TYPE:

agatgcagat
ttgtgctcac
cctgcagtge
gattctcece
gettcagtygyg
aagatgttge
ggacaaagtt
ccagtgagca
ccaaagacat
acagttggac
tgaccaagga
caacttcacc
D NO 52

H: 215
PRT

tatcagcttg

ccagtceteca

cagctcaagt

taaactcttg

cagtgggtct

cacttactac

ggaaataaaa

gttaacatct

caatgtcaag

tgatcaggac

cgagtatgaa

catcgtcaag

Asp
170

Gln

Asp Ser Lys

Asp Ser
175

Leu Thr Lys Asp Glu Tyr Glu

Thr

Glu

His

Cys

ctgctaatca

accaccatgg

ataagttccc

atttatagga

gggacctett

tgccagcagyg

cgggctgatg

ggaggtgcct

tggaagattg

agcaaagaca

cgacataaca

agcttcaaca

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 52

Glu Ile Val
1

Glu Lys Ile

Tyr Leu His
35

Ile Tyr Arg
50

Gly Ser Gly
65

Ala Glu Asp

Phe Thr Phe

Ala Pro Thr
115

Leu Thr Gln Ser Pro

Thr Ile Thr Cys Ser

20

Trp Tyr Gln Gln Lys

40

Thr Ser Asn Leu Ala

55

Ser Gly Thr Ser Tyr

70

Val Ala Thr Tyr Tyr

85

Gly Ser Gly Thr Lys

100

Val Ser Ile Phe Pro

120

Thr

Ala

Pro

Ser

Ser

Cys

Leu

105

Pro

Thr

10

Ser

Gly

Gly

Leu

Gln

90

Glu

Ser

Synthetic peptide.

Met

Ser

Phe

Val

Thr

75

Gln

Ile

Ser

190

Lys Thr Ser
205

Synthetic oligonucleotide.

gtgtcacagt
ctgcatctee
attacttaca
catccaatct
actctcetcac
gtagtagtat
ctgcaccaac
cagtcgtgtyg
atggcagtga
gcacctacag
gctatacctg

ggaatgagtg

Ala Ala Ser

Ser Ile Ser
30

Ser Pro Lys
45

Pro Ala Arg
60

Ile Asp Thr

Gly Ser Ser

Lys Arg Ala
110

Glu Gln Leu
125

Thr Ser

catagtgtct
cggggagaag
ttggtatcag
ggcttetgga
aattgacacc
accattcacyg
tgtatccatce
cttettgaac
acgacaaaat
catgagcage
tgaggccact

ttag

Pro Gly
15

Ser His

Leu Leu

Phe Ser

Met Glu
80

Ile Pro
95

Asp Ala

Thr Ser

60

120

180

240

300

360

420

480

540

600

660

714
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-continued

114

Gly Gly Ala
130

Ile Asn Val
145

Leu Asn Ser
Ser Ser Thr
Tyr Thr Cys

195
Ser Phe Asn

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Val Val Cys Phe

135

Lys Trp Lys Ile Asp
150

Trp Thr Asp Gln Asp

165

Leu Thr Leu Thr Lys

180

Glu Ala Thr His Lys

200

Arg Asn Glu Cys

D NO 53
H: 1479
DNA

215

Leu Asn Asn
Gly Ser Glu
155

Ser Lys Asp
170

Asp Glu Tyr
185

Thr Ser Thr

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 53

atgagatcac

tgtatcatce

cagcctgggg

ggctacacct

gagtggatcg

ggcaaggcca

ctgacgtetyg

gggtttgett

ccatcggtet

ggatgcctgg

ctgtccagtyg

agctcagtga

cacccggcaa

aaccecetgte

ccatcegtet

atggtcacat

tttgtgaaca

agtactctce

gagttcaaat

aaacccagag

atgactaaga

getgtggact

ctggactetyg

gaaagaggaa

actaagacca

tgttctettt

tettettggt

ctgaacttgt

tcaccagtta

gagagattga

cattgactgt

aggactctge

actggggeca

atccactgge

tcaagggtta

gtgtgcacac

ctgtaaccte

gcagcaccaa

ctccactcaa

tcatcttcce

gtgtggtggt

acgtggaagt

gggtggtcag

gcaaggtcaa

ggccagtaag

aagagttcag

ggaccagcaa

atggttctta

gtettttege

tcteceggte

acagttactg

agcaacagct

gaagcctggg

ctggatgcag

tcettetgat

ggacacatce

ggtctgttte

agggactctg

cectgtgtgt

tttcecctgag

ctteccaget

gaacacctgg

agtggacaag

agagtgtccc

tccaaagatc

ggatgtgagc

acacacagct

tgcecctecce

caacagagcc

agctccacag

tctgacctge

tgggcgtaca

cttcatgtac

ctgcteagtyg

tctgggtaaa

agcacacagg

acaggtgtcc

gettcagtga

tgggtaaagc

agctatacta

tccagcacag

tgtgcaagac

gtcactgtet

ggaggtacaa

ccagtgacct

ctcctgecagt

cccagecaga

aaaattgagc

ccatgegeag

aaggatgtac

gaggatgacc

cagacacaaa

atccagcacc

ctcccatcece

gtatatgtet

atgatcacag

gagcaaaact

agcaagctca

gtccacgagg

gctagetga

Phe Tyr Pro
140

Arg Gln Asn

Ser Thr Tyr

Glu Arg His
190

Ser Pro Ile
205

Synthetic oligonucleotide.

acctecgecat

actctcaggt

agctgtectyg

agaggcctgg

actacaatca

cctacataca

gctactatgg

ctgcagccaa

ctggetecte

tgacctggaa

ctggectceta

ccatcaccty

ccagagtgec

ctccagacct

tcatgatcte

cagacgtcca

cccatagaga

aggactggat

ccatcgagaa

tgcctecace

gettettace

acaagaacac

gagtacaaaa

gtctgcacaa

Lys Asp
Gly Val
160

Ser Met
175

Asn Ser

Val Lys

gggatggagce
ccaactgcag
caaggcttet
acagggecett
aaggttcaag
gctcagecage
taactacgat
aacaacagcc
ggtgactcta
ctctggatee
cacccteage
caatgtggee
cataacacag
cttgggtgga
cccgagecce
gatcagctgg
ggattacaac
gagtggcaag
aaccatctca
agcagaagag
tgccgaaatt

cgcaacagte

gagcacttgg

tcaccttacy

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1479
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-continued

116

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Gln Val Gln Leu

1

Ser

Trp

Gly

Lys

65

Ile

Ala

Gly

Tyr

Leu

145

Trp

Leu

Asn

Ser

Gln

225

Asp

Asp

Asp

Asn

Asn
305
Trp

Pro

Ala

Val

Met

Glu

50

Gly

Gln

Arg

Thr

Pro

130

Gly

Asn

Gln

Thr

Ser

210

Asn

Leu

Val

Val

Val

290

Ser

Met

Ser

Pro

Lys

Gln

35

Ile

Lys

Leu

Arg

Leu

115

Leu

Cys

Ser

Ser

Trp

195

Thr

Pro

Leu

Leu

Ser

275

Glu

Thr

Ser

Pro

Gln
355

Leu

20

Trp

Asp

Ala

Ser

Tyr

100

Val

Ala

Leu

Gly

Gly

180

Pro

Lys

Cys

Gly

Met

260

Glu

Val

Leu

Gly

Ile

340

Val

SEQ ID NO 54
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

457

54

Gln

Ser

Val

Pro

Thr

Ser

85

Tyr

Thr

Pro

Val

Ser

165

Leu

Ser

Val

Pro

Gly

245

Ile

Asp

His

Arg

Lys

325

Glu

Tyr

Gln

Cys

Lys

Ser

Leu

70

Leu

Gly

Val

Val

Lys

150

Leu

Tyr

Gln

Asp

Pro

230

Pro

Ser

Asp

Thr

Val
310
Glu

Lys

Val

Synthetic peptide.

Pro

Lys

Gln

Asp

55

Thr

Thr

Asn

Ser

Cys

135

Gly

Ser

Thr

Thr

Lys

215

Leu

Ser

Pro

Pro

Ala

295

Val

Phe

Thr

Leu

Gly

Ala

Arg

40

Ser

Val

Ser

Tyr

Ala

120

Gly

Tyr

Ser

Leu

Ile

200

Lys

Lys

Val

Ser

Asp

280

Gln

Ser

Lys

Ile

Pro
360

Ala

Ser

25

Pro

Tyr

Asp

Glu

Asp

105

Ala

Gly

Phe

Gly

Ser

185

Thr

Ile

Glu

Phe

Pro

265

Val

Thr

Ala

Cys

Ser

345

Pro

Glu

10

Gly

Gly

Thr

Thr

Asp

90

Gly

Lys

Thr

Pro

Val

170

Ser

Cys

Glu

Cys

Ile

250

Met

Gln

Gln

Leu

Lys

330

Lys

Pro

Leu

Tyr

Gln

Asn

Ser

75

Ser

Phe

Thr

Thr

Glu

155

His

Ser

Asn

Pro

Pro

235

Phe

Val

Ile

Thr

Pro

315

Val

Pro

Ala

Val

Thr

Gly

Tyr

60

Ser

Ala

Ala

Thr

Gly

140

Pro

Thr

Val

Val

Arg

220

Pro

Pro

Thr

Ser

His

300

Ile

Asn

Arg

Glu

Lys

Phe

Leu

45

Asn

Ser

Val

Tyr

Ala

125

Ser

Val

Phe

Thr

Ala

205

Val

Cys

Pro

Cys

Trp

285

Arg

Gln

Asn

Gly

Glu
365

Pro

Thr

30

Glu

Gln

Thr

Cys

Trp

110

Pro

Ser

Thr

Pro

Val

190

His

Pro

Ala

Lys

Val

270

Phe

Glu

His

Arg

Pro
350

Met

Gly

15

Ser

Trp

Arg

Ala

Phe

95

Gly

Ser

Val

Leu

Ala

175

Thr

Pro

Ile

Ala

Ile

255

Val

Val

Asp

Gln

Ala
335

Val

Thr

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Gln

Val

Thr

Thr

160

Leu

Ser

Ala

Thr

Pro

240

Lys

Val

Asn

Tyr

Asp

320

Leu

Arg

Lys
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118

Lys Glu Phe
370

Ile Ala Val
385

Asn Thr Ala

Lys Leu Arg

Cys Ser Val
435

Ile Ser Arg
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Leu Thr Cys Met

375

Asp Trp Thr Ser Asn
390

Thr Val Leu Asp Ser

405

Val Gln Lys Ser Thr

420

Val His Glu Gly Leu

440

Ser Leu Gly Lys Ala

D NO 55
H: 705
DNA

455

Ile

Gly

Asp

Trp

425

His

Ser

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:
atgagggccc
gacatcaaga
attacttgca
tggaaatctce
agattcagtg
gacgatacag
gggaccagge
tccagtgage
cccaaagaca
aacagttgga
ttgaccaagg
tcaacttcac
<210> SEQ I

<211> LENGT.
<212> TYPE:

RE:

NCE: 55

ctgcteagtt

tgacccagte

aggcgagtca

ctaagaccct

gcagtggatce

caacttatta

tggagataaa

agttaacatc

tcaatgtcaa

ctgatcagga

acgagtatga

ccatcgtcaa

D NO 56

H: 214
PRT

ttttgggatc

tccatcectcec

ggacattaaa

gatcaattat

tggacaagat

ctgtctacag

acgggctgat

tggaggtgcc

gtggaagatt

cagcaaagac

acgacataac

gagcttcaac

Thr

Arg

Gly

410

Glu

Asn

Gly Phe Leu Pro
380

Thr Glu Gln Asn
395

Ser Tyr Phe Met
Arg Gly Ser Leu
430

His Leu Thr Thr
445

Synthetic oligonucleotide.

ttgttgctet ggtttccagy

atgtatgcat cgctgggaga

agctatttaa cttggtacca

gcaacaagct tggcagatgg

tattctctaa ccatcagcag

catggtcaga gtccgttcac

getgcaccaa ctgtatccat

tcggtegtgt gettettgaa

gatggcagtyg aacgacaaaa

agcacctaca gcatgagcag

agctatacct gtgaggccac

aggaatgagt gttag

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

Asp Ile Lys
1

Glu Arg Val
Leu Thr Trp
35

Asn Tyr Ala
50

Ser Gly Ser
65

Asp Asp Thr

RE:

NCE: 56

Met Thr Gln Ser Pro

Thr Ile Thr Cys Lys

20

Tyr Gln Gln Lys Pro

40

Thr Ser Leu Ala Asp

55

Gly Gln Asp Tyr Ser

70

Ala Thr Tyr Tyr Cys

85

Ser

Ala

25

Trp

Gly

Leu

Leu

Ser

10

Ser

Lys

Val

Thr

Gln
90

Synthetic peptide.

Met Tyr Ala Ser

Gln Asp Ile Lys
30

Ser Pro Lys Thr
45

Pro Ser Arg Phe
60

Ile Ser Ser Leu
75

His Gly Gln Ser

Ala Glu
Tyr Lys
400

Tyr Ser
415

Phe Ala

Lys Thr

tatcagatgt
gagagtcact
gcagaaacca
ggtcccatca
cctggagtet
gttcggaggyg
ctteccacca
caacttctac
tggcgtecty
cacccteacy

tcacaagaca

Leu Gly
15

Ser Tyr

Leu Ile

Ser Gly

Glu Ser

80

Pro Phe
95

60

120

180

240

300

360

420

480

540

600

660

705
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120

Thr Phe Gly
Pro Thr Val
115

Gly Ala Ser
130

Asn Val Lys
145

Asn Ser Trp
Ser Thr Leu
Thr Cys Glu

195
Phe Asn Arg

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Gly Thr Arg Leu

100

Ser Ile Phe Pro Pro

120

Val Val Cys Phe Leu

135

Trp Lys Ile Asp Gly
150

Thr Asp Gln Asp Ser

165

Thr Leu Thr Lys Asp

180

Ala Thr His Lys Thr

200

Asn Glu Cys

D NO 57
H: 1479
DNA

Glu

105

Ser

Asn

Ser

Lys

Glu

185

Ser

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 57

atgagatcac

tgtatcatce

cagcctgggg

ggctacacct

gagtggaccg

ggcaaggcca

ctgacgtetyg

gggtttgett

ccatcggtet

ggatgcctgg

ctgtccagtyg

agctcagtga

cacccggcaa

aaccecetgte

ccatcegtet

atggtcacat

tttgtgaaca

agtactctce

gagttcaaat

aaacccagag

atgactaaga

getgtggact

tgttctettt
tettettggt
ctgagettgt
tcaccagtta
gagagattga
cattgactgt
aggactctge
actggggeca
atccactgge
tcaagggtta
gtgtgcacac
ctgtaaccte
gcagcaccaa
ctccactcaa
tcatcttece

gtgtggtggt

acgtggaagt

gggtggtcag

gcaaggtcaa

ggccagtaag

aagagttcag

ggaccagcaa

acagttactg

agcaacagct

gaagcctggg

ctggatgcag

tcettetgat

ggacacatce

ggtccattte

agggactctg

cectgtgtgt

tttcecctgag

ctteccaget

gaacacctgg

agtggacaag

agagtgtccc

tccaaaggte

ggatgtgagc

acacacagct

tgcecctecce

caacagagcc

agctccacag

tctgacctge

tgggcgtaca

Ile

Ser

Asn

Glu

Asp

170

Tyr

Thr

Lys

Glu

Phe

Arg

155

Ser

Glu

Ser

Synthetic peptide.

agcacacagg

acaggtgtcc

gettcagtga

tgggtaaagc

agctatacta

tccagcacag

tgtgcaagac

gtcactgtet

ggaggtacaa

ccagtgacct

ctcctgecagt

cccagecaga

aaaattgagc

ccatgegeag

aaggatgtac

gaggatgacc

cagacacaaa

atccagcacc

ctcccatcece

gtatatgtet

atgatcacag

gagcaaaact

Arg Ala Asp
110

Gln Leu Thr
125

Tyr Pro Lys
140

Gln Asn Gly

Thr Tyr Ser

Arg His Asn

190

Pro Ile Val
205

acctecgecat
actctcaggt
agctgtectyg
agaggcctgg
actacaatca
cctacacaca
gctactatgg
ctgcagccaa
ctggetecte
tgacctggaa
ctggectceta
ccatcaccty
ccagagtgec
ctccagacct
tcatgatcte
cagacgtcca
cccatagaga
aggactggat
ccatcgagaa
tgcctecace
gettettace

acaagaacac

Ala Ala

Ser Gly

Asp Ile

Val Leu

160

Met Ser
175

Ser Tyr

Lys Ser

gggatggagce
ccaactgcag
caaggcttet
acagggecett
aaggttcaag
gctcagecage
taactacgat
aacaacagcc
ggtgactcta
ctctggatee
cacccteage
caatgtggee
cataacacag
cttgggtgga
cctgagecce
gatcagctgg
ggattacaac
gagtggcaag
aaccatctca
agcagaagag
tgccgaaatt

cgcaacagte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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121 122

-continued

ctggactctg atggttctta cttcatgtac agcaagctca gagtacaaaa gagcacttgg 1380
gaaagaggaa gtcttttcge ctgctcagtg gtccacgagg gtctgcacaa tcaccttacyg 1440

actaagacca tctcccggte tetgggtaaa gctagctga 1479

<210> SEQ ID NO 58

<211> LENGTH: 457

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 58

Gln Val Gln Leu Gln Gln Pro Gly Ala Glu Leu Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Trp Met Gln Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Thr
35 40 45

Gly Glu Ile Asp Pro Ser Asp Ser Tyr Thr Asn Tyr Asn Gln Arg Phe
50 55 60

Lys Gly Lys Ala Thr Leu Thr Val Asp Thr Ser Ser Ser Thr Ala Tyr
65 70 75 80

Thr Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val His Phe Cys
85 90 95

Ala Arg Arg Tyr Tyr Gly Asn Tyr Asp Gly Phe Ala Tyr Trp Gly Gln
100 105 110

Gly Thr Leu Val Thr Val Ser Ala Ala Lys Thr Thr Ala Pro Ser Val
115 120 125

Tyr Pro Leu Ala Pro Val Cys Gly Gly Thr Thr Gly Ser Ser Val Thr
130 135 140

Leu Gly Cys Leu Val Lys Gly Tyr Phe Pro Glu Pro Val Thr Leu Thr
145 150 155 160

Trp Asn Ser Gly Ser Leu Ser Ser Gly Val His Thr Phe Pro Ala Leu
165 170 175

Leu Gln Ser Gly Leu Tyr Thr Leu Ser Ser Ser Val Thr Val Thr Ser
180 185 190

Asn Thr Trp Pro Ser Gln Thr Ile Thr Cys Asn Val Ala His Pro Ala
195 200 205

Ser Ser Thr Lys Val Asp Lys Lys Ile Glu Pro Arg Val Pro Ile Thr
210 215 220

Gln Asn Pro Cys Pro Pro Leu Lys Glu Cys Pro Pro Cys Ala Ala Pro
225 230 235 240

Asp Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Val Lys
245 250 255

Asp Val Leu Met Ile Ser Leu Ser Pro Met Val Thr Cys Val Val Val
260 265 270

Asp Val Ser Glu Asp Asp Pro Asp Val Gln Ile Ser Trp Phe Val Asn
275 280 285

Asn Val Glu Val His Thr Ala Gln Thr Gln Thr His Arg Glu Asp Tyr
290 295 300

Asn Ser Thr Leu Arg Val Val Ser Ala Leu Pro Ile Gln His Gln Asp
305 310 315 320

Trp Met Ser Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Arg Ala Leu
325 330 335
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124

Pro Ser Pro
Ala Pro Gln
355

Lys Glu Phe
370

Ile Ala Val
385

Asn Thr Ala

Lys Leu Arg

Cys Ser Val
435

Ile Ser Arg
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ile Glu Lys Thr Ile

340

Val Tyr Val Leu Pro

360

Ser Leu Thr Cys Met

375

Asp Trp Thr Ser Asn
390

Thr Val Leu Asp Ser

405

Val Gln Lys Ser Thr

420

Val His Glu Gly Leu

440

Ser Leu Gly Lys Ala

D NO 59
H: 2412
DNA

455

Ser Lys Pro Arg Gly Pro

345

Pro Pro Ala Glu

Ile Thr Gly Phe
380

Gly Arg Thr Glu
395

Asp Gly Ser Tyr
410

Trp Glu Arg Gly
425

His Asn His Leu

Ser

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 59

atgacattga

gtgcattgty

ttgaaactct

cgccaggete

tatgcaacat

caaagcttge

tgtgtgggac

gccaaaacga

agcacagccg

tggaactcag

ggactctact

tacacctgca

aaatatggtc

ttectgttee

tgcgtggtgg

ggcgtggagg

cgtgtggtca

tgcaaggtct

gggcagccce

aaccaggtca

tgggagagca

gacggctect

aatgtcttet

acatgetgtt

aggtgcagcet

catgtgcage

caggaaaggg

attatgccga

tctatctgea

gggactggtt

agggcccatce

cecectgggety

gegecctgac

cccteageag

acgtagatca

ccccatgece

ccccaaaacc

tggacgtgag

tgcataatge

gegtecteac

ccaacaaagg

gagagccaca

gectgaccety

atgggcagec

tcttecteta

catgcteegt

ggggctgagg

tgttgagtet

ctctggatta

tttggaatgg

ttcagtgaaa

aatgaacaac

tgattactgg

cgtetteccee

cctggtcaag

cagcggegtyg

cgtggtgace

caagcccage

accctgecca

caaggacact

ccaggaagac

caagacaaag

cgtectgeac

cctecegtec

ggtgtacacc

cctggtcaaa

ggagaacaac

cagcaggcta

gatgcatgag

Glu

365

Leu

Gln

Phe

Ser

Thr
445

Synthetic oligonucleotide.

350

Met

Pro

Asn

Met

Leu

430

Thr

tgggttttet ttgttgtttt

ggtggaggat tggtgcagcec

accttcaata tctacgccat

gttgctcgca taagaaataa

gacaggttca ccatctccag

ttgaaaactyg aggacacagc

ggccaaggga ctctggtcac

ctggegeect getccaggag

gactacttce ccgaaccggt

cacaccttee cggetgtect

gtgcccteca gcagettggg

aacaccaagg tggacaagag

gcacctgagt tegaaggggy

ctcatgatct cceggacccee

cccgaggtee agttcaactg

cegegggagy agcagttcaa

caggactgge tgaacggcaa

tccatcgaga aaaccatctce

ctgeccecccat cccaggagga

ggcttetace ccagcgacat

tacaagacca cgcctecegt

accgtggaca agagcaggtyg

getetgecaca accactacac

Val Arg

Thr Lys

Ala Glu

Tyr Lys

400

Tyr Ser
415

Phe Ala

Lys Thr

ttatcaaggt
taaagggtca
gaactgggte
aagtaataat
agatgattca
catgtattac
tgtctetgea
cacctecgag
gacggtgteg
acagtcctca
cacgaagacc
agttgagtcc
accatcagtce
tgaggtcacyg
gtacgtggat
cagcacgtac
ggagtacaag
caaagccaaa
gatgaccaag
cgcegtggag
getggactee
gcaggagggg

acagaagagc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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126

-continued
ctcteectgt ctcectgggtaa agctagcgat acaacagaac ctgcaacacc tacaacacct 1440
gtaacaacag acacaatatg tataggctac catgcgaaca attcaaccga cactgttgac 1500
acagtactcg agaagaatgt gacagtgaca cactctgtta acctgctcga agacagccac 1560
aacggaaaac tatgtagatt aaaaggaata gccccactac aattggggaa atgtaacatc 1620
gccggatgge tcettgggaaa cccagaatge gacccactge ttceccagtgag atcatggtcece 1680
tacattgtag aaacaccaaa ctctgagaat ggaatatgtt atccaggaga tttcatcgac 1740
tatgaggagc tgagggagca attgagctca gtgtcatcat tcgaaagatt cgaaatattt 1800
cccaaagaaa gctcatggcece caaccacaac acaaacggag taacggcagce atgctcccat 1860
gaggggaaaa gcagttttta cagaaatttg ctatggctga cggagaagga gggctcatac 1920
ccaaagctga aaaattctta tgtgaacaaa aaagggaaag aagtccttgt actgtggggt 1980
attcatcacc cgcctaacag taaggaacaa cagaatctct atcagaatga aaatgcttat 2040
gtctctgtag tgacttcaaa ttataacagg agatttaccc cggaaatagc agaaagaccce 2100
aaagtaagag atcaagctgg gaggatgaac tattactgga ccttgctaaa acccggagac 2160
acaataatat ttgaggcaaa tggaaatcta atagcaccaa tgtatgcttt cgcactgagt 2220
agaggctttg ggtccggcat catcacctca aacgcatcaa tgcatgagtg taacacgaag 2280
tgtcaaacac ccctgggagce tataaacagc agtctcectt accagaatat acacccagtce 2340
acaataggag agtgcccaaa atacgtcagg agtgccaaat tgaggatggt tcaccatcac 2400
catcaccatt ga 2412

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 60
H: 780
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 60

Glu Val Gln
1

Ser Leu Lys

Ala Met Asn
35

Ala Arg Ile
50

Ser Val Lys

Leu Tyr Leu

Tyr Cys Val

Val Thr Val
115

Ala Pro Cys
130

Leu Val Lys
145

Gly Ala Leu

Leu Val Glu Ser Gly

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Arg Asn Lys Ser Asn

55

Asp Arg Phe Thr Ile

70

Gln Met Asn Asn Leu

85

Gly Arg Asp Trp Phe

100

Ser Ala Ala Lys Thr

120

Ser Arg Ser Thr Ser

135

Asp Tyr Phe Pro Glu
150

Thr Ser Gly Val His

165

Gly

Ser

25

Pro

Asn

Ser

Lys

Asp

105

Lys

Glu

Pro

Thr

Gly

Gly

Gly

Tyr

Arg

Thr

90

Tyr

Gly

Ser

Val

Phe
170

Synthetic peptide.

Leu

Leu

Lys

Ala

Asp

Glu

Trp

Pro

Thr

Thr

155

Pro

Val Gln Pro

Thr Phe Asn
30

Gly Leu Glu
45

Thr Tyr Tyr
60

Asp Ser Gln

Asp Thr Ala

Gly Gln Gly
110

Ser Val Phe
125

Ala Ala Leu
140

Val Ser Trp

Ala Val Leu

Lys Gly
15

Ile Tyr

Trp Val

Ala Asp

Ser Leu
80

Met Tyr
95

Thr Leu

Pro Leu

Gly Cys

Asn Ser

160

Gln Ser
175
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-continued

128

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arg

305

Ser

Lys

Glu

Phe

Glu

385

Phe

Gly

Tyr

Thr

Ile

465

Glu

Gly

Pro

Ser

545

Leu

Phe

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu

290

Leu

Asn

Gly

Glu

Tyr

370

Asn

Phe

Asn

Thr

Glu

450

Gly

Lys

Asn

Lys

Leu
530
Glu

Arg

Pro

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Gln

Met

355

Pro

Asn

Leu

Val

Gln

435

Pro

Tyr

Asn

Gly

Cys

515

Leu

Asn

Glu

Lys

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Pro

340

Thr

Ser

Tyr

Tyr

Phe

420

Lys

Ala

His

Val

Lys

500

Asn

Pro

Gly

Gln

Glu
580

Ser

Thr

Lys

Pro

Lys

245

Val

Asp

Phe

Asp

Leu

325

Arg

Lys

Asp

Lys

Ser

405

Ser

Ser

Thr

Ala

Thr

485

Leu

Ile

Val

Ile

Leu

565

Ser

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp

310

Pro

Glu

Asn

Ile

Thr

390

Arg

Cys

Leu

Pro

Asn

470

Val

Cys

Ala

Arg

Cys

550

Ser

Ser

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Pro

Gln

Ala

375

Thr

Leu

Ser

Ser

Thr

455

Asn

Thr

Arg

Gly

Ser
535
Tyr

Ser

Trp

Ser

Cys

200

Glu

Glu

Leu

Ser

Glu

280

Thr

Asn

Ser

Gln

Val

360

Val

Pro

Thr

Val

Leu

440

Thr

Ser

His

Leu

Trp

520

Trp

Pro

Val

Pro

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Val

345

Ser

Glu

Pro

Val

Met

425

Ser

Pro

Thr

Ser

Lys

505

Leu

Ser

Gly

Ser

Asn
585

Val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu

330

Tyr

Leu

Trp

Val

Asp

410

His

Leu

Val

Asp

Val

490

Gly

Leu

Tyr

Asp

Ser
570

His

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu

315

Lys

Thr

Thr

Glu

Leu

395

Lys

Glu

Gly

Thr

Thr

475

Asn

Ile

Gly

Ile

Phe
555

Phe

Asn

Val

His

Gly

220

Ser

Arg

Pro

Ala

Val

300

Tyr

Thr

Leu

Cys

Ser

380

Asp

Ser

Ala

Lys

Thr

460

Val

Leu

Ala

Asn

Val
540
Ile

Glu

Thr

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Leu

365

Asn

Ser

Arg

Leu

Ala

445

Asp

Asp

Leu

Pro

Pro

525

Glu

Asp

Arg

Asn

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro

350

Val

Gly

Asp

Trp

His

430

Ser

Thr

Thr

Glu

Leu

510

Glu

Thr

Tyr

Phe

Gly
590

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys

335

Ser

Lys

Gln

Gly

Gln

415

Asn

Asp

Ile

Val

Asp

495

Gln

Cys

Pro

Glu

Glu
575

Val

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

Val

320

Ala

Gln

Gly

Pro

Ser

400

Glu

His

Thr

Cys

Leu

480

Ser

Leu

Asp

Asn

Glu
560

Ile

Thr
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130

Ala Ala Cys
595

Trp Leu Thr
610
625

Pro Pro Asn

Tyr Val Ser

Ile Ala Glu

675

Tyr Trp Thr
690

Gly Asn Leu
705

Gly Ser Gly
Lys Cys Gln
Asn Ile His

755
Ala Lys Leu

770

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser His Glu Gly Lys

600

Glu Lys Glu Gly Ser

615

Lys Gly Lys Glu Val
630

Ser Lys Glu Gln Gln

645

Val Val Thr Ser Asn

660

Arg Pro Lys Val Arg

680

Leu Leu Lys Pro Gly

695

Ile Ala Pro Met Tyr
710

Ile Ile Thr Ser Asn

725

Thr Pro Leu Gly Ala

740

Pro Val Thr Ile Gly

760

Arg Met Val His His

D NO 61
H: 2412
DNA

775

Ser Ser Phe

Tyr Pro Lys

Leu Val Leu

635

Asn Leu Tyr
650

Tyr Asn Arg
665

Asp Gln Ala

Asp Thr Ile

Ala Phe Ala
715

Ala Ser Met
730

Ile Asn Ser
745

Glu Cys Pro

His His His

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 61

atgacattga

gtgcattgty

ttgaaactct

cgccaggete

tatgcaacat

caaagcttge

tgtgtgggac

gccaaaacga

agcacagccg

tggaactcag

ggactctact

tacacctgca

aaatatggtc

ttectgttee

tgcgtggtgg

ggcgtggagg

cgtgtggtca

acatgetgtt

aggtgcagcet

catgtgcage

caggaaaggg

attatgccga

tctatctgea

gggactggtt

agggcccatce

cecectgggety

gegecctgac

cccteageag

acgtagatca

ccccatgece

ccccaaaacc

tggacgtgag

tgcataatge

gegtecteac

ggggctgagg

tgttgagtet

ctctggatta

tttggaatgg

ttcagtgaaa

aatgaacaac

tgattactgg

cgtetteccee

cctggtcaag

cagcggegtyg

cgtggtgace

caagcccage

accctgecca

caaggacact

ccaggaagac

caagacaaag

cgtectgeac

tgggttttcet
ggtggaggat
accttcaata
gttgctcgea
gacaggttca

ttgaaaactg

ggccaaggga

ctggegeect

gactacttce

cacaccttcee

gtgcccteca

aacaccaagg

gcacctgagt

ctcatgatct

ccegaggtec

c¢cgegggagy

caggactgge

Tyr Arg Asn
605

Leu Lys Asn
620

Trp Gly Ile

Gln Asn Glu

Arg Phe Thr

670

Gly Arg Met
685

Ile Phe Glu
700

Leu Ser Arg

His Glu Cys

Ser Leu Pro
750

Lys Tyr Val
765

His

780

Syntehtic oligonucleotide.

ttgttgtttt

tggtgcagee

tctacgecat

taagaaataa

ccatctecag

aggacacagce

ctctggteac

gctecaggag

ccgaaccggt

cggetgtect

gcagcttggg

tggacaagag

tegaaggggg

cceggacece

agttcaactg

agcagttcaa

tgaacggcaa

Leu Leu

Ser Tyr

His His

640

Asn Ala
655

Pro Glu

Asn Tyr

Ala Asn

Gly Phe
720

Asn Thr
735

Tyr Gln

Arg Ser

ttatcaaggt
taaagggtca
gaactgggte
aagtaataat
agatgattca
catgtattac
tgtctetgea
cacctecgag
gacggtgteg
acagtcctca
cacgaagacc
agttgagtcc
accatcagtce
tgaggtcacyg
gtacgtggat
cagcacgtac

ggagtacaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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132

-continued
tgcaaggtct ccaacaaagg cctccegtece tecatcgaga aaaccatctce caaagccaaa 1080
gggcagcecee gagagccaca ggtgtacacce ctgccceccat cecaggagga gatgaccaag 1140
aaccaggtca gcctgacctg cctggtcaaa ggcttctacce ccagcgacat cgccgtggag 1200
tgggagagca atgggcagcce ggagaacaac tacaagacca cgcectccegt getggactcee 1260
gacggctect tettectcecta cagcaggcta accgtggaca agagcaggtg gcaggagggy 1320
aatgtcttct catgctcegt gatgcatgag gctcectgcaca accactacac acagaagagc 1380
ctcteectgt ctcectgggtaa agctagcgat acaacagaac ctgcaacacc tacaacacct 1440
gtaacaacag atcagatttg cattggttac catgcaaaca actcgacaga gcaggttgac 1500
acaataatgg aaaagaacgt tactgttaca catgcccaag acatactgga aaagaaacac 1560
aacgggaagc tctgcgatct agatggagtg aagcctctaa ttttgagaga ttgtagcgta 1620
gctggatgge tcectcecggaaa cccaatgtgt gacgaattca tcaatgtgcec ggaatggtcet 1680
tacatagtgg agaaggccaa tccagtcaat gacctctgtt acccagggga tttcaatgac 1740
tatgaagaat tgaaacacct attgagcaga ataaaccatt ttgagaaaat tcagatcatc 1800
cccaaaagtt cttggtccag tcatgaagcce tcattagggg tgagctcagce atgtccatac 1860
cagggaaagt cctccttttt cagaaatgtg gtatggctta tcaaaaagaa cagtacatac 1920
ccaacaataa agaggagcta caataatacc aaccaagaag atcttttggt actgtggggg 1980
attcaccatc ctaatgatgc ggcagagcag acaaagctct atcaaaaccc aaccacctat 2040
atttcecgttg ggacatcaac actaaaccag agattggtac caagaatagc tactagatcc 2100
aaagtaaacg ggcaaagtgg aaggatggag ttcttctgga caattttaaa gccgaatgat 2160
gcaatcaact tcgagagtaa tggaaatttc attgctccag aatatgcata caaaattgtc 2220
aagaaagggg actcaacaat tatgaaaagt gaattggaat atggtaactg caacaccaag 2280
tgtcaaactc caatgggggc gataaactct agcatgccat tccacaatat acaccctcecte 2340
accattgggg aatgccccaa atatgtgaaa tcaaacagat tagtccttge gcaccatcac 2400
catcaccatt ga 2412

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 62
H: 780
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 62

Glu Val Gln
1

Ser Leu Lys

Ala Met Asn
35

Ala Arg Ile
50

Ser Val Lys
65

Leu Tyr Leu

Tyr Cys Val

Leu Val Glu Ser Gly

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Arg Asn Lys Ser Asn

55

Asp Arg Phe Thr Ile

70

Gln Met Asn Asn Leu

85

Gly Arg Asp Trp Phe

100

Gly

Ser

25

Pro

Asn

Ser

Lys

Asp
105

Gly

Gly

Gly

Tyr

Arg

Thr

90

Tyr

Syntehtic peptide.

Leu

Leu

Lys

Ala

Asp

75

Glu

Trp

Val Gln Pro

Thr Phe Asn
30

Gly Leu Glu
45

Thr Tyr Tyr
60

Asp Ser Gln

Asp Thr Ala

Gly Gln Gly
110

Lys Gly
15

Ile Tyr

Trp Val

Ala Asp

Ser Leu
80

Met Tyr
95

Thr Leu
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134

Ala

Leu

145

Gly

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arg

305

Ser

Lys

Glu

Phe

Glu

385

Phe

Gly

Tyr

Thr

Ile
465

Glu

Arg

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu

290

Leu

Asn

Gly

Glu

Tyr

370

Asn

Phe

Asn

Thr

Glu

450

Gly

Lys

Asn

Asp

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Gln

Met

355

Pro

Asn

Leu

Val

Gln

435

Pro

Tyr

Asn

Gly

Cys
515

Ser

Ser

Asp

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Pro

340

Thr

Ser

Tyr

Tyr

Phe

420

Lys

Ala

His

Val

Lys
500

Ser

Ala

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Lys

245

Val

Asp

Phe

Asp

Leu

325

Arg

Lys

Asp

Lys

Ser

405

Ser

Ser

Thr

Ala

Thr
485

Leu

Val

Ala

Ser

Phe

150

Gly

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp

310

Pro

Glu

Asn

Ile

Thr

390

Arg

Cys

Leu

Pro

Asn
470
Val

Cys

Ala

Lys

Thr

135

Pro

Val

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Pro

Gln

Ala

375

Thr

Leu

Ser

Ser

Thr

455

Asn

Thr

Asp

Gly

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Glu

Leu

Ser

Glu

280

Thr

Asn

Ser

Gln

Val

360

Val

Pro

Thr

Val

Leu

440

Thr

Ser

His

Leu

Trp
520

Lys

Glu

Pro

Thr

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Val

345

Ser

Glu

Pro

Val

Met

425

Ser

Pro

Thr

Ala

Asp

505

Leu

Gly

Ser

Val

Phe

170

Val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu

330

Tyr

Leu

Trp

Val

Asp

410

His

Leu

Val

Glu

Gln

490

Gly

Leu

Pro

Thr

Thr

155

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu

315

Lys

Thr

Thr

Glu

Leu

395

Lys

Glu

Gly

Thr

Gln
475
Asp

Val

Gly

Ser

Ala

140

Val

Ala

Val

His

Gly

220

Ser

Arg

Pro

Ala

Val

300

Tyr

Thr

Leu

Cys

Ser

380

Asp

Ser

Ala

Lys

Thr

460

Val

Ile

Lys

Asn

Val

125

Ala

Ser

Val

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Leu

365

Asn

Ser

Arg

Leu

Ala

445

Asp

Asp

Leu

Pro

Pro
525

Phe

Leu

Trp

Leu

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro

350

Val

Gly

Asp

Trp

His

430

Ser

Gln

Thr

Glu

Leu

510

Met

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys

335

Ser

Lys

Gln

Gly

Gln

415

Asn

Asp

Ile

Ile

Lys
495

Ile

Cys

Leu

Cys

Ser

160

Ser

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

Val

320

Ala

Gln

Gly

Pro

Ser

400

Glu

His

Thr

Cys

Met
480
Lys

Leu

Asp
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136

Glu Phe Ile
530

Pro Val Asn
545

Leu Lys His

Ile Pro Lys

Ser Ala Cys

595

Trp Leu Ile
610

Asn Asn Thr
625

Pro Asn Asp

Tyr Ile Ser

Ile Ala Thr

675

Phe Trp Thr
690

Gly Asn Phe
705

Asp Ser Thr
Lys Cys Gln
Asn Ile His

755
Asn Arg Leu

770

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asn Val Pro Glu Trp

535

Asp Leu Cys Tyr Pro
550

Leu Leu Ser Arg Ile

565

Ser Ser Trp Ser Ser

580

Pro Tyr Gln Gly Lys

600

Lys Lys Asn Ser Thr

615

Asn Gln Glu Asp Leu
630

Ala Ala Glu Gln Thr

645

Val Gly Thr Ser Thr

660

Arg Ser Lys Val Asn

680

Ile Leu Lys Pro Asn

695

Ile Ala Pro Glu Tyr
710

Ile Met Lys Ser Glu

725

Thr Pro Met Gly Ala

740

Pro Leu Thr Ile Gly

760

Val Leu Ala His His

D NO 63
H: 2202
DNA

775

Ser

Gly

Asn

His

585

Ser

Tyr

Leu

Lys

Leu

665

Gly

Asp

Ala

Leu

Ile

745

Glu

His

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 63

atgacattga

gtgcattgty

ttgaaactct

cgccaggete

tatgcaacat

caaagcttge

tgtgtgggac

gccaaaacga

agcacagccg

tggaactcag

ggactctact

acatgetgtt

aggtgcagcet

catgtgcage

caggaaaggg

attatgccga

tctatctgea

gggactggtt

agggcccatce

cecectgggety

gegecctgac

cccteageag

ggggctgaag

tgttgagtet

ctctggatta

tttggaatgg

ttcagtgaaa

aatgaacaac

tgattactgg

cgtetteccee

cctggtcaag

cagcggegtyg

cgtggtgace

Tyr

Asp

His

570

Glu

Ser

Pro

Val

Leu

650

Asn

Gln

Ala

Tyr

Glu

730

Asn

Cys

His

Ile

Phe

555

Phe

Ala

Phe

Thr

Leu

635

Tyr

Gln

Ser

Ile

Lys

715

Tyr

Ser

Pro

His

tgggttttet

ggtggaggat

accttcaata

gttgctcgea

gacaggttca

ttgaaaactg

ggccaaggga

ctggegeect

gactacttce

cacaccttcee

gtgcccteca

Val Glu Lys
540

Asn Asp Tyr

Glu Lys Ile

Ser Leu Gly

590

Phe Arg Asn
605

Ile Lys Arg
620

Trp Gly Ile

Gln Asn Pro

Arg Leu Val

670

Gly Arg Met
685

Asn Phe Glu
700

Ile Val Lys

Gly Asn Cys

Ser Met Pro

750

Lys Tyr Val
765

His

780

Synthetic oligonucleotide.

ttgttgtttt

tggtgcagee

tctacgecat

taagaaataa

ccatctecag

aggacacagce

ctctggteac

gctecaggag

ccgaaccggt

cggetgtect

gcagcttggg

Ala Asn

Glu Glu
560

Gln Ile
575

Val Ser

Val Val

Ser Tyr

His His

640

Thr Thr
655

Pro Arg

Glu Phe

Ser Asn

Lys Gly

720

Asn Thr
735

Phe His

Lys Ser

ttatcaaggt

taaagggtca

gaactgggte

aagtaataat
agatgattca
catgtattac
tgtctetgea
cacctecgag
gacggtgteg
acagtcctca

cacgaagacc

60

120

180

240

300

360

420

480

540

600

660
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-continued
tacacctgca acgtagatca caagcccage aacaccaagg tggacaagag agttgagtce 720
aaatatggtc ccccatgeccce accctgecca geacctgagt tcegaaggggyg accatcagte 780
ttectgttee ccccaaaacce caaggacact ctcatgatcet ceecggaccee tgaggtcacyg 840
tgegtggtgg tggacgtgag ccaggaagac cccgaggtece agttcaactyg gtacgtggat 900
ggcgtggagy tgcataatgce caagacaaag ccgcgggagg agcagttcaa cagcacgtac 960
cgtgtggtca gecgtectcac cgtcecctgcac caggactgge tgaacggcaa ggagtacaag 1020
tgcaaggtct ccaacaaagg cctccegtece tecatcgaga aaaccatctce caaagccaaa 1080
gggcagcecee gagagccaca ggtgtacacce ctgccceccat cecaggagga gatgaccaag 1140
aaccaggtca gcctgacctg cctggtcaaa ggcttctacce ccagcgacat cgccgtggag 1200
tgggagagca atgggcagcce ggagaacaac tacaagacca cgcectccegt getggactcee 1260
gacggctect tettectcecta cagcaggcta accgtggaca agagcaggtg gcaggagggy 1320
aatgtcttct catgctcegt gatgcatgag gctcectgcaca accactacac acagaagagc 1380
ctcteectgt ctcectgggtaa agctagcgat acaacagaac ctgcaacacc tacaacacct 1440
gtaacaacac cgacaacaac acttctagcg cccctcatec tgtcectceggat tgtgggaggce 1500
tgggagtgcg agaagcattc ccaaccctgg caggtgcettg tggcectcteg tggcagggca 1560
gtctgecggeg gtgttetggt gcaccccecag tgggtcectca cagctgccca ctgcatcagg 1620
aacaaaagcg tgatcttgcet gggtcggcac agectgttte atcctgaaga cacaggccag 1680
gtatttcagg tcagccacag cttcecccacac ccgctctacg atatgagect cctgaagaat 1740
cgattcctca ggccaggtga tgactccage cacgacctca tgctgectceeg cctgtcagag 1800
cctgecgage tcacggatge tgtgaaggte atggacctge ccacccagga gccagcactg 1860
gggaccacct gctacgecte aggctggggce agcattgaac cagaggagtt cttgacccca 1920
aagaaacttc agtgtgtgga cctccatgtt atttccaatg acgtgtgtgce gcaagttcac 1980
cctcagaagg tgaccaagtt catgctgtgt gctggacgct ggacaggggg caaaagcacce 2040
tgctecgggtyg attctggggg cccacttgte tgtaatggtg tgcttcaagg tatcacgtca 2100
tggggcagtg aaccatgtgc cctgcccgaa aggccttecce tgtacaccaa ggtggtgcat 2160
taccggaagt ggatcaagga caccatcgtg gccaaccect ga 2202

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 64
H: 710
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 64

Glu Val Gln

Ser Leu Lys

Ala Met Asn
35

Ala Arg Ile
50

Ser Val Lys
65

Leu Tyr Leu

Leu Val Glu Ser Gly

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Arg Asn Lys Ser Asn

55

Asp Arg Phe Thr Ile

70

Gln Met Asn Asn Leu

Gly

Ser

25

Pro

Asn

Ser

Lys

Gly

10

Gly

Gly

Tyr

Arg

Thr

Synthetic peptide.

Leu

Leu

Lys

Ala

Asp

75

Glu

Val Gln Pro

Thr Phe Asn
30

Gly Leu Glu
45

Thr Tyr Tyr
60

Asp Ser Gln

Asp Thr Ala

Lys Gly
15

Ile Tyr

Trp Val

Ala Asp

Ser Leu

80

Met Tyr
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140

Tyr

Ala

Leu

145

Gly

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arg

305

Ser

Lys

Glu

Phe

Glu

385

Phe

Gly

Tyr

Thr

Leu
465

Glu

Ala

Cys

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu

290

Leu

Asn

Gly

Glu

Tyr

370

Asn

Phe

Asn

Thr

Glu
450
Leu

Lys

Val

Val

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Gln

Met

355

Pro

Asn

Leu

Val

Gln

435

Pro

Ala

His

Cys

Gly

100

Ser

Ser

Asp

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Pro

340

Thr

Ser

Tyr

Tyr

Phe

420

Lys

Ala

Pro

Ser

Gly
500

85

Arg

Ala

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Lys

245

Val

Asp

Phe

Asp

Leu

325

Arg

Lys

Asp

Lys

Ser

405

Ser

Ser

Thr

Leu

Gln
485

Gly

Asp

Ala

Ser

Phe

150

Gly

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp

310

Pro

Glu

Asn

Ile

Thr

390

Arg

Cys

Leu

Pro

Ile
470

Pro

Val

Trp

Lys

Thr

135

Pro

Val

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Pro

Gln

Ala

375

Thr

Leu

Ser

Ser

Thr

455

Leu

Trp

Leu

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Glu

Leu

Ser

Glu

280

Thr

Asn

Ser

Gln

Val

360

Val

Pro

Thr

Val

Leu

440

Thr

Ser

Gln

Val

Asp

105

Lys

Glu

Pro

Thr

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Val

345

Ser

Glu

Pro

Val

Met

425

Ser

Pro

Arg

Val

His
505

90

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu

330

Tyr

Leu

Trp

Val

Asp

410

His

Leu

Val

Ile

Leu
490

Pro

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu

315

Lys

Thr

Thr

Glu

Leu

395

Lys

Glu

Gly

Thr

Val
475

Val

Gln

Gly

Ser

Ala

140

Val

Ala

Val

His

Gly

220

Ser

Arg

Pro

Ala

Val

300

Tyr

Thr

Leu

Cys

Ser

380

Asp

Ser

Ala

Lys

Thr
460
Gly

Ala

Trp

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Leu

365

Asn

Ser

Arg

Leu

Ala

445

Pro

Gly

Ser

Val

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro

350

Val

Gly

Asp

Trp

His

430

Ser

Thr

Trp

Arg

Leu
510

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys

335

Ser

Lys

Gln

Gly

Gln

415

Asn

Asp

Thr

Glu

Gly
495

Thr

Leu

Leu

Cys

Ser

160

Ser

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

Val

320

Ala

Gln

Gly

Pro

Ser

400

Glu

His

Thr

Thr

Cys
480

Arg

Ala



141

US 9,315,580 B2

-continued

142

Ala His Cys
515

Leu Phe His
530

Phe Pro His
545

Arg Pro Gly

Glu Pro Ala

Gln Glu Pro

595

Ile Glu Pro
610

Leu His Val
625

Val Thr Lys

Thr Cys Ser

Gln Gly Ile

675

Pro Ser Leu
690

Thr Ile Val
705

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ile Arg Asn Lys Ser

520

Pro Glu Asp Thr Gly

535

Pro Leu Tyr Asp Met
550

Asp Asp Ser Ser His

565

Glu Leu Thr Asp Ala

580

Ala Leu Gly Thr Thr

600

Glu Glu Phe Leu Thr

615

Ile Ser Asn Asp Val
630

Phe Met Leu Cys Ala

645

Gly Asp Ser Gly Gly

660

Thr Ser Trp Gly Ser

680

Tyr Thr Lys Val Val

695

Ala Asn Pro
710

D NO 65
H: 2415
DNA

Val

Gln

Ser

Asp

Val

585

Cys

Pro

Cys

Gly

Pro

665

Glu

His

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 65

atggacccca

ttgtcgtacyg

tcagtgaaga

gtgaagcaga

tattctttet

accacagect

gcaacctact

gcagccaaaa

gagagcacag

tcgtggaact

tcaggactct

acctacacct

tccaaatatg

gtcttectgt

acgtgegtgg

aaggctcect
gacaggttca
tgtcctgeaa
gaactggaca
acaatgagaa
acatgcagcet
ataactaccc

caacgggecc

cegeectgygy

caggcgecact

actcccteag

gcaacgtaga

gtcecccaty

tccecccaaa

tggtggacgt

ttcctggaga

getgeggeag

ggcttetgga

gggccttgag

cttcaaggge

cagcagectyg

ttttgcttac

atcegtette

ctgectggte

gaccagcgge

cagcgtggtyg

tcacaagccc

cccacectge

acccaaggac

gagccaggaa

Ile

Val

Leu

Leu

570

Lys

Tyr

Lys

Ala

Arg

650

Leu

Pro

Tyr

Leu

Phe

Leu

555

Met

Val

Ala

Lys

Gln

635

Trp

Val

Cys

Arg

atacttetgt

tctggacctyg

tacacattta

tggattggag

aaggccacac

acatctgagg

tggggccaag

cceectggege

aaggactact

gtgcacacct

accgtgeect

agcaacacca

ccagcacctyg

actctcatga

gacccegagyg

Leu Gly Arg
525

Gln Val Ser
540

Lys Asn Arg

Leu Leu Arg

Met Asp Leu

590

Ser Gly Trp
605

Leu Gln Cys
620

Val His Pro

Thr Gly Gly

Cys Asn Gly
670

Ala Leu Pro
685

Lys Trp Ile
700

Syntehtic oligonucleotide.

ttctcteect

agctggtgaa

ctgactatgt

atatttatcc

tgactgcaga

actctgeggt

ggactctggt

cctgetecag

tcceccgaace

tcceggetgt

ccagcagett

aggtggacaa

agttcgaagg

tcteceggac

tccagttcaa

His Ser

His Ser

Phe Leu
560

Leu Ser
575

Pro Thr

Gly Ser

Val Asp

Gln Lys
640

Lys Ser
655

Val Leu

Glu Arg

Lys Asp

ggcttttgag

gCCtggggCt

tataagttgg
tggaagtggt
caaatcctee
ctatttetgt
cactgtctet
gagcacctee
ggtgacggtg
cctacagtee
gggcacgaag
gagagttgag
gggaccatca
ccctgaggte

ctggtacgtyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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-continued

gatggcegtygyg aggtgcataa tgccaagaca aagccgeggg aggagcagtt caacagcacyg 960
taccgtgtgg tcagcgtect caccgtectg caccaggact ggctgaacgg caaggagtac 1020
aagtgcaagg tctccaacaa aggccteceg tectccateg agaaaaccat ctccaaagcece 1080
aaagggcagce cccgagagcec acaggtgtac accctgeccee catcccagga ggagatgace 1140
aagaaccagg tcagcctgac ctgcctggtce aaaggcttcect accccagcga catcgcecgtg 1200
gagtgggaga gcaatgggca gccggagaac aactacaaga ccacgcectec cgtgctggac 1260
tcecgacgget ccettettect ctacagcagg ctaaccgtgg acaagagcag gtggcaggag 1320
gggaatgtct tctcatgcte cgtgatgcat gaggctctgce acaaccacta cacacagaag 1380
agcctcetece tgtctctggg taaagctage gatacaacag aacctgcaac acctacaaca 1440
cctgtaacaa cagatcagat ttgcattggt taccatgcaa acaactcgac agagcaggtt 1500
gacacaataa tggaaaagaa cgttactgtt acacatgccc aagacatact ggaaaagaaa 1560
cacaacggga agctctgcga tctagatgga gtgaagcectc taattttgag agattgtagce 1620
gtagctggat ggctcctcgg aaacccaatg tgtgacgaat tcatcaatgt gccggaatgg 1680
tcttacatag tggagaaggc caatccagtc aatgacctct gttacccagg ggatttcaat 1740
gactatgaag aattgaaaca cctattgagc agaataaacc attttgagaa aattcagatc 1800
atccccaaaa gttcttggte cagtcatgaa gcctcattag gggtgagctce agcatgtcca 1860
taccagggaa agtcctccectt tttcagaaat gtggtatggce ttatcaaaaa gaacagtaca 1920
tacccaacaa taaagaggag ctacaataat accaaccaag aagatctttt ggtactgtgg 1980
gggattcacc atcctaatga tgcggcagag cagacaaagc tctatcaaaa cccaaccacce 2040
tatatttcecg ttgggacatc aacactaaac cagagattgg taccaagaat agctactaga 2100
tccaaagtaa acgggcaaag tggaaggatg gagttcttcect ggacaatttt aaagccgaat 2160
gatgcaatca acttcgagag taatggaaat ttcattgctc cagaatatgc atacaaaatt 2220
gtcaagaaag gggactcaac aattatgaaa agtgaattgg aatatggtaa ctgcaacacc 2280
aagtgtcaaa ctccaatggg ggcgataaac tctagcatgc cattccacaa tatacaccct 2340
ctcaccattg gggaatgccc caaatatgtg aaatcaaaca gattagtcct tgcgcaccat 2400
caccatcacc attga 2415
<210> SEQ ID NO 66

<211> LENGTH: 780

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide.

<400> SEQUENCE: 66

Gln Val Gln Leu Arg Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30

Val Ile Ser Trp Val Lys Gln Arg Thr Gly Gln Gly Leu Glu Trp Ile
35 40 45

Gly Asp Ile Tyr Pro Gly Ser Gly Tyr Ser Phe Tyr Asn Glu Asn Phe
50 55 60

Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Thr Thr Ala Tyr
65 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe Cys
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-continued

146

Ala

Ala

Leu

145

Gly

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arg

305

Ser

Lys

Glu

Phe

Glu

385

Phe

Gly

Tyr

Thr

Ile
465

Glu

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu

290

Leu

Asn

Gly

Glu

Tyr

370

Asn

Phe

Asn

Thr

Glu
450
Gly

Lys

Asn

Tyr

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Gln

Met

355

Pro

Asn

Leu

Val

Gln

435

Pro

Tyr

Asn

Gly

Tyr

100

Ser

Ser

Asp

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Pro

340

Thr

Ser

Tyr

Tyr

Phe

420

Lys

Ala

His

Val

Lys
500

85

Asn

Ala

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Lys

245

Val

Asp

Phe

Asp

Leu

325

Arg

Lys

Asp

Lys

Ser

405

Ser

Ser

Thr

Ala

Thr
485

Leu

Tyr

Ala

Ser

Phe

150

Gly

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp

310

Pro

Glu

Asn

Ile

Thr

390

Arg

Cys

Leu

Pro

Asn
470

Val

Cys

Pro

Lys

Thr

135

Pro

Val

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Pro

Gln

Ala

375

Thr

Leu

Ser

Ser

Thr

455

Asn

Thr

Asp

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Glu

Leu

Ser

Glu

280

Thr

Asn

Ser

Gln

Val

360

Val

Pro

Thr

Val

Leu

440

Thr

Ser

His

Leu

Ala

105

Thr

Glu

Pro

Thr

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Val

345

Ser

Glu

Pro

Val

Met

425

Ser

Pro

Thr

Ala

Asp
505

90

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu

330

Tyr

Leu

Trp

Val

Asp

410

His

Leu

Val

Glu

Gln
490

Gly

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu

315

Lys

Thr

Thr

Glu

Leu

395

Lys

Glu

Gly

Thr

Gln
475

Asp

Val

Gly

Ser

Ala

140

Val

Ala

Val

His

Gly

220

Ser

Arg

Pro

Ala

Val

300

Tyr

Thr

Leu

Cys

Ser

380

Asp

Ser

Ala

Lys

Thr
460
Val

Ile

Lys

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Leu

365

Asn

Ser

Arg

Leu

Ala

445

Asp

Asp

Leu

Pro

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro

350

Val

Gly

Asp

Trp

His

430

Ser

Gln

Thr

Glu

Leu
510

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys

335

Ser

Lys

Gln

Gly

Gln

415

Asn

Asp

Ile

Ile

Lys
495

Ile

Leu

Leu

Cys

Ser

160

Ser

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

Val

320

Ala

Gln

Gly

Pro

Ser

400

Glu

His

Thr

Cys

Met
480

Lys

Leu
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148

Arg Asp Cys
515

Glu Phe Ile
530

Pro Val Asn
545

Leu Lys His

Ile Pro Lys

Ser Ala Cys

595

Trp Leu Ile
610

Asn Asn Thr
625

Pro Asn Asp

Tyr Ile Ser

Ile Ala Thr

675

Phe Trp Thr
690

Gly Asn Phe
705

Asp Ser Thr
Lys Cys Gln
Asn Ile His

755
Asn Arg Leu

770

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Val Ala Gly Trp

520

Asn Val Pro Glu Trp

535

Asp Leu Cys Tyr Pro
550

Leu Leu Ser Arg Ile

565

Ser Ser Trp Ser Ser

580

Pro Tyr Gln Gly Lys

600

Lys Lys Asn Ser Thr

615

Asn Gln Glu Asp Leu
630

Ala Ala Glu Gln Thr

645

Val Gly Thr Ser Thr

660

Arg Ser Lys Val Asn

680

Ile Leu Lys Pro Asn

695

Ile Ala Pro Glu Tyr
710

Ile Met Lys Ser Glu

725

Thr Pro Met Gly Ala

740

Pro Leu Thr Ile Gly

760

Val Leu Ala His His

D NO 67
H: 1638
DNA

775

Leu Leu Gly

Ser Tyr Ile

Gly Asp Phe

555

Asn His Phe
570

His Glu Ala
585

Ser Ser Phe

Tyr Pro Thr

Leu Val Leu

635

Lys Leu Tyr
650

Leu Asn Gln
665

Gly Gln Ser

Asp Ala Ile

Ala Tyr Lys

715

Leu Glu Tyr
730

Ile Asn Ser
745

Glu Cys Pro

His His His

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 67

atggacccca

ttgtcgtacyg

tcagtgaaga

gtgaagcaga

tattctttet

accacagect

gcaacctact

gcagccaaaa

gagagcacag

aaggctcect

gacaggttca

tgtcctgeaa

gaactggaca

acaatgagaa

acatgcagcet

ataactaccc

caacgggecc

cegeectgygy

ttcctggaga

getgeggeag

ggcttetgga

gggccttgag

cttcaaggge

cagcagectyg

ttttgcttac

atcegtette

ctgectggte

atacttetgt

tctggacctyg

tacacattta

tggattggag

aaggccacac

acatctgagg

tggggccaag

cceectggege

aaggactact

Asn Pro Met
525

Val Glu Lys
540

Asn Asp Tyr

Glu Lys Ile

Ser Leu Gly

590

Phe Arg Asn
605

Ile Lys Arg
620

Trp Gly Ile

Gln Asn Pro

Arg Leu Val

670

Gly Arg Met
685

Asn Phe Glu
700

Ile Val Lys

Gly Asn Cys

Ser Met Pro

750

Lys Tyr Val
765

His

780

Syntehtic oligonucleotide.

ttctcteect

agctggtgaa

ctgactatgt

atatttatcc

tgactgcaga

actctgeggt

ggactctggt

cctgetecag

tcceccgaace

Cys Asp

Ala Asn

Glu Glu
560

Gln Ile
575

Val Ser

Val Val

Ser Tyr

His His

640

Thr Thr
655

Pro Arg

Glu Phe

Ser Asn

Lys Gly
720

Asn Thr
735

Phe His

Lys Ser

ggcttttgag
gectgggget
tataagttgg
tggaagtggt
caaatcctee
ctatttetgt
cactgtctet

gagcacctee

ggtgacggtg

60

120

180

240

300

360

420

480

540
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-continued
tecgtggaact caggegecct gaccagegge gtgcacacct teceggetgt cctacagtcee 600
tcaggactct actccctcag cagegtggtg accgtgccect ccagcagett gggcacgaag 660
acctacacct gcaacgtaga tcacaagccce agcaacacca aggtggacaa gagagttgag 720
tccaaatatg gtcccccatg cccaccctge cecagcacctyg agttcgaagyg gggaccatca 780
gtettectgt tecccccaaa acccaaggac actctcatga tctcceggac cectgaggte 840
acgtgegtgg tggtggacgt gagccaggaa gaccccgagg tcecagttcaa ctggtacgtg 900
gatggcegtygyg aggtgcataa tgccaagaca aagccgeggg aggagcagtt caacagcacyg 960
taccgtgtgg tcagcgtect caccgtectg caccaggact ggctgaacgg caaggagtac 1020
aagtgcaagg tctccaacaa aggccteceg tectccateg agaaaaccat ctccaaagcece 1080
aaagggcagce cccgagagcec acaggtgtac accctgeccee catcccagga ggagatgace 1140
aagaaccagg tcagcctgac ctgcctggtce aaaggcttcect accccagcga catcgcecgtg 1200
gagtgggaga gcaatgggca gccggagaac aactacaaga ccacgcectec cgtgctggac 1260
tcecgacgget ccettettect ctacagcagg ctaaccgtgg acaagagcag gtggcaggag 1320
gggaatgtct tctcatgcte cgtgatgcat gaggctctgce acaaccacta cacacagaag 1380
agcctcetece tgtctctggg taaagctage aattctectce aaaatgaagt actgtacgga 1440
gatgtgaatg atgacggaaa agtaaactcc actgacttga ctttgttaaa aagatatgtt 1500
cttaaagccg tctcaactet cecttcettee aaagctgaaa agaacgcaga tgtaaatcegt 1560
gacggaagag ttaattccag tgatgtcaca atactttcaa gatatttgat aagggtaatc 1620
gagaaattac caatataa 1638

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 68
H: 521
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 68

Gln Val Gln

Ser Val Lys

Val Ile Ser
35

Gly Asp Ile
Lys Gly Lys
65

Met Gln Leu

Ala Thr Tyr

Val Thr Val

115

Ala Pro Cys
130

Leu Val Lys
145

Leu Arg Gln Ser Gly

Met Ser Cys Lys Ala

20

Trp Val Lys Gln Arg

40

Tyr Pro Gly Ser Gly

Ala Thr Leu Thr Ala

70

Ser Ser Leu Thr Ser

85

Tyr Asn Tyr Pro Phe

100

Ser Ala Ala Lys Thr

120

Ser Arg Ser Thr Ser

135

Asp Tyr Phe Pro Glu
150

Pro

Ser

25

Thr

Tyr

Asp

Glu

Ala

105

Thr

Glu

Pro

Glu

10

Gly

Gly

Ser

Lys

Asp

90

Tyr

Gly

Ser

Val

Synthetic peptide.

Leu

Tyr

Gln

Phe

Ser

75

Ser

Trp

Pro

Thr

Thr
155

Val Lys Pro
Thr Phe Thr
30

Gly Leu Glu
45

Tyr Asn Glu
60

Ser Thr Thr

Ala Val Tyr
Gly Gln Gly
110

Ser Val Phe
125

Ala Ala Leu
140

Val Ser Trp

Gly Ala
15

Asp Tyr

Trp Ile

Asn Phe

Ala Tyr

80

Phe Cys

95

Thr Leu

Pro Leu

Gly Cys

Asn Ser
160
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-continued

152

Gly

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arg

305

Ser

Lys

Glu

Phe

Glu

385

Phe

Gly

Tyr

Pro

Asn

465

Ser

Asp

Ile

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu

290

Leu

Asn

Gly

Glu

Tyr

370

Asn

Phe

Asn

Thr

Gln

450

Ser

Thr

Gly

Arg

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Gln

Met

355

Pro

Asn

Leu

Val

Gln

435

Asn

Thr

Leu

Arg

Val
515

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Pro

340

Thr

Ser

Tyr

Tyr

Phe

420

Lys

Glu

Asp

Pro

Val

500

Ile

SEQUENCE :

Ser

165

Ser

Thr

Lys

Pro

Lys

245

Val

Asp

Phe

Asp

Leu

325

Arg

Lys

Asp

Lys

Ser

405

Ser

Ser

Val

Leu

Ser

485

Asn

Glu

SEQ ID NO 69
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

2415

69

Gly

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp

310

Pro

Glu

Asn

Ile

Thr

390

Arg

Cys

Leu

Leu

Thr

470

Ser

Ser

Lys

Val

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Pro

Gln

Ala

375

Thr

Leu

Ser

Ser

Tyr

455

Leu

Lys

Ser

Leu

His

Ser

Cys

200

Glu

Glu

Leu

Ser

Glu

280

Thr

Asn

Ser

Gln

Val

360

Val

Pro

Thr

Val

Leu

440

Gly

Leu

Ala

Asp

Pro
520

Thr

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Val

345

Ser

Glu

Pro

Val

Met

425

Ser

Asp

Lys

Glu

Val

505

Ile

Phe

170

Val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu

330

Tyr

Leu

Trp

Val

Asp

410

His

Leu

Val

Arg

Lys

490

Thr

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu

315

Lys

Thr

Thr

Glu

Leu

395

Lys

Glu

Gly

Asn

Tyr

475

Asn

Ile

Ala

Val

His

Gly

220

Ser

Arg

Pro

Ala

Val

300

Tyr

Thr

Leu

Cys

Ser

380

Asp

Ser

Ala

Lys

Asp

460

Val

Ala

Leu

Val

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Leu

365

Asn

Ser

Arg

Leu

Ala

445

Asp

Leu

Asp

Ser

Syntehtic oligonucleotide.

Leu

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro

350

Val

Gly

Asp

Trp

His

430

Ser

Gly

Lys

Val

Arg
510

Gln

175

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys

335

Ser

Lys

Gln

Gly

Gln

415

Asn

Asn

Lys

Ala

Asn

495

Tyr

Ser

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

Val

320

Ala

Gln

Gly

Pro

Ser

400

Glu

His

Ser

Val

Val

480

Arg

Leu
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153 154

-continued
atggacccca aaggctccect ttecctggaga atacttectgt ttctcteccet ggettttgag 60
ttgtecgtacg gacaggttca gctgcggcag tctggacctg agctggtgaa gcctgggget 120
tcagtgaaga tgtcctgcaa ggcttctgga tacacattta ctgactatgt tataagttgg 180
gtgaagcaga gaactggaca gggccttgag tggattggag atatttatcc tggaagtggt 240
tattctttct acaatgagaa cttcaagggc aaggccacac tgactgcaga caaatcctcce 300
accacagcct acatgcagct cagcagcectg acatctgagg actctgeggt ctatttetgt 360
gcaacctact ataactaccc ttttgcttac tggggccaag ggactctggt cactgtctcet 420
gcagccaaaa caacgggccce atccegtcette cececctggege cctgctcecag gagcacctec 480
gagagcacag ccgccctggg ctgcctggte aaggactact tcecccgaacc ggtgacggtg 540
tcegtggaact caggcgccct gaccagegge gtgcacacct tcceggetgt cctacagtcece 600
tcaggactct actccctcag cagegtggtg accgtgeccct ccagcagcett gggcacgaag 660
acctacacct gcaacgtaga tcacaagccc agcaacacca aggtggacaa gagagttgag 720
tccaaatatg gtcccccatg cccaccctge ccagcacctg agttcgaagg gggaccatca 780
gtcttceectgt tccccccaaa acccaaggac actctcatga tctcccggac ccctgaggtce 840
acgtgegtgg tggtggacgt gagccaggaa gaccccgagg tccagttcaa ctggtacgtg 900
gatggcgtgg aggtgcataa tgccaagaca aagccgcggg aggagcagtt caacagcacg 960

taccgtgtgg tcagcgtect caccgtectg caccaggact ggctgaacgg caaggagtac 1020
aagtgcaagg tctccaacaa aggccteceg tectccateg agaaaaccat ctccaaagcece 1080
aaagggcagce cccgagagcec acaggtgtac accctgeccee catcccagga ggagatgace 1140
aagaaccagg tcagcctgac ctgcctggtce aaaggcttcect accccagcga catcgcecgtg 1200
gagtgggaga gcaatgggca gccggagaac aactacaaga ccacgcectec cgtgctggac 1260
tcecgacgget ccettettect ctacagcagg ctaaccgtgg acaagagcag gtggcaggag 1320
gggaatgtct tctcatgcte cgtgatgcat gaggctctgce acaaccacta cacacagaag 1380
agcctcetece tgtctctggg taaagctage gatacaacag aacctgcaac acctacaaca 1440
cctgtaacaa cagacacaat atgtataggc taccatgcga acaattcaac cgacactgtt 1500
gacacagtac tcgagaagaa tgtgacagtg acacactctg ttaacctgct cgaagacagce 1560
cacaacggaa aactatgtag attaaaagga atagccccac tacaattggg gaaatgtaac 1620
atcgccggat ggctcecttggg aaacccagaa tgcgacccac tgcttccagt gagatcatgg 1680
tcctacattg tagaaacacc aaactctgag aatggaatat gttatccagg agatttcatce 1740
gactatgagg agctgaggga gcaattgagc tcagtgtcat cattcgaaag attcgaaata 1800
tttceccaaag aaagctcatg gcccaaccac aacacaaacg gagtaacgge agcatgetce 1860
catgagggga aaagcagttt ttacagaaat ttgctatggc tgacggagaa ggagggctca 1920
tacccaaagc tgaaaaattc ttatgtgaac aaaaaaggga aagaagtcct tgtactgtgg 1980
ggtattcatc acccgcctaa cagtaaggaa caacagaatc tctatcagaa tgaaaatgcet 2040
tatgtctctg tagtgacttc aaattataac aggagattta ccccggaaat agcagaaaga 2100
cccaaagtaa gagatcaagc tgggaggatg aactattact ggaccttgct aaaacccgga 2160
gacacaataa tatttgaggc aaatggaaat ctaatagcac caatgtatgc tttcgcactg 2220
agtagaggct ttgggtccgg catcatcacc tcaaacgcat caatgcatga gtgtaacacg 2280
aagtgtcaaa cacccctggg agctataaac agcagtctcecce cttaccagaa tatacaccca 2340

gtcacaatag gagagtgcce aaaatacgtc aggagtgcca aattgaggat ggttcaccat 2400
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156

caccatcacc attga

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Gln Val Gln Leu

1

Gly
Lys
65

Met

Ala

Ala

Leu

145

Gly

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arg

305

Ser

Lys

Val

Ile

Asp

Gly

Gln

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu
290
Leu

Asn

Gly

Lys

Ser

35

Ile

Lys

Leu

Tyr

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Gln

Met

20

Trp

Tyr

Ala

Ser

Tyr

100

Ser

Ser

Asp

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Pro
340

SEQ ID NO 70
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

780

70

Arg

Ser

Val

Pro

Thr

Ser

85

Asn

Ala

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Lys

245

Val

Asp

Phe

Asp

Leu
325

Arg

Gln

Cys

Lys

Gly

Leu

70

Leu

Tyr

Ala

Ser

Phe

150

Gly

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp
310

Pro

Glu

Synthetic peptide.

Ser

Lys

Gln

Ser

55

Thr

Thr

Pro

Lys

Thr

135

Pro

Val

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Pro

Gly

Ala

Arg

40

Gly

Ala

Ser

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Glu

Leu

Ser

Glu

280

Thr

Asn

Ser

Gln

Pro

Ser

25

Thr

Tyr

Asp

Glu

Ala

105

Thr

Glu

Pro

Thr

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Val
345

Glu

10

Gly

Gly

Ser

Lys

Asp

90

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu
330

Tyr

Leu

Tyr

Gln

Phe

Ser

75

Ser

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu
315

Lys

Thr

Val

Thr

Gly

Tyr

60

Ser

Ala

Gly

Ser

Ala

140

Val

Ala

Val

His

Gly

220

Ser

Arg

Pro

Ala

Val
300
Tyr

Thr

Leu

Lys

Phe

Leu

45

Asn

Thr

Val

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Pro

Thr

30

Glu

Glu

Thr

Tyr

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro
350

Gly

Asp

Trp

Asn

Ala

Phe

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys

335

Ser

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Leu

Leu

Cys

Ser

160

Ser

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

Val
320

Ala

Gln
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158

Glu

Phe

Glu

385

Phe

Gly

Tyr

Thr

Ile

465

Glu

Gly

Pro

Ser

545

Leu

Phe

Ala

Trp

625

Pro

Tyr

Ile

Tyr

Gly

705

Gly

Lys

Asn

Ala

Glu

Tyr

370

Asn

Phe

Asn

Thr

Glu

450

Gly

Lys

Asn

Lys

Leu

530

Glu

Arg

Pro

Ala

Leu

610

Asn

Pro

Val

Ala

Trp

690

Asn

Ser

Cys

Ile

Lys

Met

355

Pro

Asn

Leu

Val

Gln

435

Pro

Tyr

Asn

Gly

Cys

515

Leu

Asn

Glu

Lys

Cys

595

Thr

Lys

Asn

Ser

Glu

675

Thr

Leu

Gly

Gln

His
755

Leu

Thr

Ser

Tyr

Tyr

Phe

420

Lys

Ala

His

Val

Lys

500

Asn

Pro

Gly

Gln

Glu

580

Ser

Glu

Lys

Ser

Val

660

Arg

Leu

Ile

Ile

Thr
740

Pro

Arg

Lys

Asp

Lys

Ser

405

Ser

Ser

Thr

Ala

Thr

485

Leu

Ile

Val

Ile

Leu

565

Ser

His

Lys

Gly

Lys

645

Val

Pro

Leu

Ala

Ile
725
Pro

Val

Met

Asn

Ile

Thr

390

Arg

Cys

Leu

Pro

Asn

470

Val

Cys

Ala

Arg

Cys

550

Ser

Ser

Glu

Glu

Lys

630

Glu

Thr

Lys

Lys

Pro

710

Thr

Leu

Thr

Val

Gln

Ala

375

Thr

Leu

Ser

Ser

Thr

455

Asn

Thr

Arg

Gly

Ser

535

Tyr

Ser

Trp

Gly

Gly

615

Glu

Gln

Ser

Val

Pro

695

Met

Ser

Gly

Ile

His

Val

360

Val

Pro

Thr

Val

Leu

440

Thr

Ser

His

Leu

Trp

520

Trp

Pro

Val

Pro

Lys

600

Ser

Val

Gln

Asn

Arg

680

Gly

Tyr

Asn

Ala

Gly
760

His

Ser

Glu

Pro

Val

Met

425

Ser

Pro

Thr

Ser

Lys

505

Leu

Ser

Gly

Ser

Asn

585

Ser

Tyr

Leu

Asn

Tyr

665

Asp

Asp

Ala

Ala

Ile
745

Glu

His

Leu

Trp

Val

Asp

410

His

Leu

Val

Asp

Val

490

Gly

Leu

Tyr

Asp

Ser

570

His

Ser

Pro

Val

Leu

650

Asn

Gln

Thr

Phe

Ser
730
Asn

Cys

His

Thr

Glu

Leu

395

Lys

Glu

Gly

Thr

Thr

475

Asn

Ile

Gly

Ile

Phe

555

Phe

Asn

Phe

Lys

Leu

635

Tyr

Arg

Ala

Ile

Ala

715

Met

Ser

Pro

His

Cys

Ser

380

Asp

Ser

Ala

Lys

Thr

460

Val

Leu

Ala

Asn

Val

540

Ile

Glu

Thr

Tyr

Leu

620

Trp

Gln

Arg

Gly

Ile

700

Leu

His

Ser

Lys

His

Leu Val Lys

365

Asn

Ser

Arg

Leu

Ala

445

Asp

Asp

Leu

Pro

Pro

525

Glu

Asp

Arg

Asn

Arg

605

Lys

Gly

Asn

Phe

Arg

685

Phe

Ser

Glu

Leu

Tyr
765

Gly

Asp

Trp

His

430

Ser

Thr

Thr

Glu

Leu

510

Glu

Thr

Tyr

Phe

Gly

590

Asn

Asn

Ile

Glu

Thr

670

Met

Glu

Arg

Cys

Pro
750

Val

Gln

Gly

Gln

415

Asn

Asp

Ile

Val

Asp

495

Gln

Cys

Pro

Glu

Glu

575

Val

Leu

Ser

His

Asn

655

Pro

Asn

Ala

Gly

Asn
735

Tyr

Arg

Gly

Pro

Ser

400

Glu

His

Thr

Cys

Leu

480

Ser

Leu

Asp

Asn

Glu

560

Ile

Thr

Leu

Tyr

His

640

Ala

Glu

Tyr

Asn

Phe
720
Thr

Gln

Ser
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160

770

<210> SEQ ID NO 71
<211> LENGTH: 2154

<212> TYPE:

DNA

775

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 71

atggacccca

ttgtcgtacyg

tcagtgaaga

gtgaagcaga

tattctttet

accacagect

gcaacctact

gcagccaaaa

gagagcacag

tcgtggaact

tcaggactct

acctacacct

tccaaatatg

gtcttectgt

acgtgegtgg

gatggcgtgg

taccgtgtygg

aagtgcaagg

aaagggcagce

aagaaccagg

gagtgggaga

tcegacgget

gggaatgtct

agcctetece

ctcgaggagt

atatcaccta

gaagtaatac

atgctaaaca

gaggaagcetg

cagatgagag

ataggatgga

atcctgggat

caaggaccaa

gagcaagcett

aaggctcect

gacaggttca

tgtcctgeaa

gaactggaca

acaatgagaa

acatgcagcet

ataactaccc

caacgggecc

cegeectgygy

caggcgecact

actcccteag

gcaacgtaga

gtcecccaty

tccecccaaa

tggtggacgt

aggtgcataa

tcagcgtect

tctccaacaa

cccgagagec

tcagcctgac

gcaatgggca

ccttettect

tctecatgete

tgtctetggy

tcggtaggec

gaactttaaa
ccatgtttte

cagtgggggg

cagaatggga

aaccaagggyg

tgacaaataa

taaataaaat

aagaaccttt

cacaggaggt

ttcctggaga

getgeggeag

ggcttetgga

gggccttgag

cttcaaggge

cagcagectyg

ttttgcttac

atcegtette

ctgectggte

gaccagcgge

cagcgtggtyg

tcacaagccc

cccacectge

acccaaggac

gagccaggaa

tgccaagaca

caccgtectyg

aggccteceg

acaggtgtac

ctgectggte

geccggagaac

ctacagcagg

cgtgatgeat

taaagctage

tatagtgcag

tgcatgggta

agcattatca

acatcaagca

tagagtacat

aagtgacata

tccacctatce

agtaagaatg

tagagactat

aaaaaattgg

atacttetgt

tctggacctyg

tacacattta

tggattggag

aaggccacac

acatctgagg

tggggccaag

cceectggege

aaggactact

gtgcacacct

accgtgeect

agcaacacca

ccagcacctyg

actctcatga

gacccegagyg

aagccgcggyg

caccaggact

tcctecateg

accctgecee

aaaggcttet

aactacaaga

ctaaccgtygyg

gaggctctge

gacatggcca

aacatccagg

aaagtagtag

gaaggagcca

gccatgcaaa

ccagtgcatg

gcaggaacta

ccagtaggag

tatagcccta

gtagaccggt

atgacagaaa

780

Syntehtic oligonucleotide.

ttctcteect

agctggtgaa

ctgactatgt

atatttatcc

tgactgcaga

actctgeggt

ggactctggt

cctgetecag

tcceccgaace

tcceggetgt

ccagcagett

aggtggacaa

agttcgaagg

tcteceggac

tccagttcaa

aggagcagtt

ggctgaacgg

agaaaaccat

catcccagga

accccagega

ccacgectee

acaagagcag

acaaccacta

agaaggagac

ggcaaatggt

aagagaaggc

ccccacaaga

tgttaaaaga

cagggectat

ctagtaccct

aaatttataa

ccagcattet

tctataaaac

cecttgttggt

ggcttttgag

gCCtggggCt

tataagttgg

tggaagtggt

caaatcctce

ctatttetgt

cactgtctet

gagcacctee

ggtgacggtg

cctacagtee

gggcacgaag

gagagttgag

gggaccatca

ccctgaggte

ctggtacgtyg

caacagcacg

caaggagtac

ctccaaagec

ggagatgacc

catcgeegty

cgtgctggac

gtggcaggag

cacacagaag

agtctggagg

acatcaggce

tttcagceca

tttaaacacc

gaccatcaat

tgcaccagge

tcaggaacaa

aagatggata

ggacataaga

tctaagagee

ccaaaatgeg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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-continued

162

aacccagatt gtaagactat tttaaaagca ttgggaccag cggctacact agaagaaatg

atgacagcat gtcagggagt aggaggacce ggecataagg caagagtttt gtga

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Gln
1

Ser

Gly
Lys
65

Met

Ala

Ala

Leu

145

Gly

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arg

305

Ser

Lys

Val

Val

Ile

Asp

Gly

Gln

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu
290
Leu

Asn

Gly

Gln

Lys

Ser

35

Ile

Lys

Leu

Tyr

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Gln

Leu

Met

20

Trp

Tyr

Ala

Ser

Tyr

100

Ser

Ser

Asp

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Pro

SEQ ID NO 72
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

693

72

Arg

Ser

Val

Pro

Thr

Ser

85

Asn

Ala

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Lys

245

Val

Asp

Phe

Asp

Leu
325

Arg

Gln

Cys

Lys

Gly

Leu

70

Leu

Tyr

Ala

Ser

Phe

150

Gly

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp
310

Pro

Glu

Synthetic peptide.

Ser

Lys

Gln

Ser

Thr

Thr

Pro

Lys

Thr

135

Pro

Val

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Pro

Gly

Ala

Arg

40

Gly

Ala

Ser

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Glu

Leu

Ser

Glu

280

Thr

Asn

Ser

Gln

Pro

Ser

25

Thr

Tyr

Asp

Glu

Ala

105

Thr

Glu

Pro

Thr

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Val

Glu

10

Gly

Gly

Ser

Lys

Asp

90

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu
330

Tyr

Leu

Tyr

Gln

Phe

Ser

75

Ser

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu
315

Lys

Thr

Val

Thr

Gly

Tyr

60

Ser

Ala

Gly

Ser

Ala

140

Val

Ala

Val

His

Gly

220

Ser

Arg

Pro

Ala

Val
300
Tyr

Thr

Leu

Lys

Phe

Leu

45

Asn

Thr

Val

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Pro

Thr

30

Glu

Glu

Thr

Tyr

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro

Gly

15

Asp

Trp

Asn

Ala

Phe

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys

335

Ser

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Leu

Leu

Cys

Ser

160

Ser

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

Val
320

Ala

Gln
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-continued

164

Glu

Phe

Glu

385

Phe

Gly

Tyr

Ala

465

Thr

Glu

Asp

Gln

545

Pro

Ile

Lys

Pro

Asp

625

Gln

Asn

Leu

Lys

<210>
<211>
<212>
<213>
<220>
<223>

Glu

Tyr

370

Asn

Phe

Asn

Thr

Lys

450

Gln

Leu

Val

Leu

Met

530

His

Arg

Gly

Arg

Thr

610

Tyr

Glu

Pro

Glu

Ala
690

Met

355

Pro

Asn

Leu

Val

Gln

435

Lys

Asn

Asn

Ile

Asn

515

Leu

Pro

Gly

Trp

Trp

595

Ser

Val

Val

Asp

Glu

675

Arg

340

Thr

Ser

Tyr

Tyr

Phe

420

Lys

Glu

Ile

Ala

Pro

500

Thr

Lys

Val

Ser

Met

580

Ile

Ile

Asp

Lys

Cys

660

Met

Val

<400> SEQUENCE:

atggaatgga ggatctttet cttcatcetg tcaggaactg caggtgteca cteccaggtt

Lys

Asp

Lys

Ser

405

Ser

Ser

Thr

Gln

Trp

485

Met

Met

Glu

His

Asp

565

Thr

Ile

Leu

Arg

Asn

645

Lys

Met

Leu

SEQ ID NO 73
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

2187

73

Asn

Ile

Thr

390

Arg

Cys

Leu

Val

Gly

470

Val

Phe

Leu

Thr

Ala

550

Ile

Asn

Leu

Asp

Phe

630

Trp

Thr

Thr

Gln

Ala

375

Thr

Leu

Ser

Ser

Trp

455

Gln

Lys

Ser

Asn

Ile

535

Gly

Ala

Asn

Gly

Ile

615

Tyr

Met

Ile

Ala

Val

360

Val

Pro

Thr

Val

Leu

440

Arg

Met

Val

Ala

Thr

520

Asn

Pro

Gly

Pro

Leu

600

Arg

Lys

Thr

Leu

Cys
680

345

Ser

Glu

Pro

Val

Met

425

Ser

Leu

Val

Val

Leu

505

Val

Glu

Ile

Thr

Pro

585

Asn

Gln

Thr

Glu

Lys

665

Gln

Leu

Trp

Val

Asp

410

His

Leu

Glu

His

Glu

490

Ser

Gly

Glu

Ala

Thr

570

Ile

Lys

Gly

Leu

Thr

650

Ala

Gly

Thr

Glu

Leu

395

Lys

Glu

Gly

Glu

Gln

475

Glu

Glu

Gly

Ala

Pro

555

Ser

Pro

Ile

Pro

Arg

635

Leu

Leu

Val

Cys

Ser

380

Asp

Ser

Ala

Lys

Phe

460

Ala

Lys

Gly

His

Ala

540

Gly

Thr

Val

Val

Lys

620

Ala

Leu

Gly

Gly

Leu

365

Asn

Ser

Arg

Leu

Ala

445

Gly

Ile

Ala

Ala

Gln

525

Glu

Gln

Leu

Gly

Arg

605

Glu

Glu

Val

Pro

Gly
685

Syntehtic oligonucleotide.

350

Val

Gly

Asp

Trp

His

430

Ser

Arg

Ser

Phe

Thr

510

Ala

Trp

Met

Gln

Glu

590

Met

Pro

Gln

Gln

Ala

670

Pro

Lys

Gln

Gly

Gln

415

Asn

Asp

Pro

Pro

Ser

495

Pro

Ala

Asp

Arg

Glu

575

Ile

Tyr

Phe

Ala

Asn

655

Ala

Gly

Gly

Pro

Ser

400

Glu

His

Met

Ile

Arg

480

Pro

Gln

Met

Arg

Glu

560

Gln

Tyr

Ser

Arg

Ser

640

Ala

Thr

His
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166

-continued
cagctgegge agtctggacce tgagetggtg aagectgggyg cttcagtgaa gatgtectge 120
aaggcttctg gatacacatt tactgactat gttataagtt gggtgaagca gagaactgga 180
cagggecttyg agtggattgg agatatttat cctggaagtg gttattcttt ctacaatgag 240
aacttcaagg gcaaggccac actgactgca gacaaatcct ccaccacage ctacatgcag 300
ctcagcagee tgacatctga ggactctgeg gtetatttet gtgcaaccta ctataactac 360
cettttgett actggggcca agggactcectg gtcactgtet ctgcagccaa aacaacgggce 420
ccatcegtet tcccectgge gecctgetee aggagcacct ccegagagcac agcecgecctg 480
ggctgectygy tcaaggacta cttecccgaa ceggtgacgg tgtcegtggaa ctcaggegece 540
ctgaccageg gcegtgcacac cttccegget gtectacagt cctcaggact ctactccecte 600
agcagegtgg tgaccgtgcce ctccagecage ttgggcacga agacctacac ctgcaacgta 660
gatcacaagce ccagcaacac caaggtggac aagagagttg agtccaaata tggtccccca 720
tgcccaccet geccagcace tgagttcgaa gggggaccat cagtettect gtteccccca 780
aaacccaagg acactctcat gatctcecgg acccectgagyg tcacgtgegt ggtggtggac 840
gtgagccagyg aagaccccga ggtccagttce aactggtacyg tggatggegt ggaggtgeat 900
aatgccaaga caaagccgcg ggaggagcag ttcaacagea cgtaccgtgt ggtcagegte 960
ctcaccgtee tgcaccagga ctggctgaac ggcaaggagt acaagtgcaa ggtctccaac 1020
aaaggcctee cgtectecat cgagaaaacce atctccaaag ccaaagggca gccccgagag 1080
ccacaggtgt acaccctgcce cccatcecag gaggagatga ccaagaacca ggtcagectg 1140
acctgectgg tcaaaggctt ctaccccage gacatcgecg tggagtggga gagcaatggg 1200
cagccggaga acaactacaa gaccacgcct ccegtgetgg actccgacgg ctecttette 1260
ctctacagca ggctaaccgt ggacaagagc aggtggcagg aggggaatgt cttctcatgce 1320
tcegtgatge atgaggctcect gcacaaccac tacacacaga agagcctcte ccectgtetcetg 1380
ggtaaagcta gcgatacaac agaacctgca acacctacaa cacctgtaac aacaccgaca 1440
acaacacttc tagcgccecct catcctgtcet cggattgtgg gaggctggga gtgcgagaag 1500
cattcccaac cctggcaggt gettgtggcee tctegtggca gggcagtctg cggeggtgtt 1560
ctggtgcacc cccagtgggt cctcacagct gcccactgca tcaggaacaa aagcgtgatce 1620
ttgctgggtc ggcacagcct gtttcatcct gaagacacag gccaggtatt tcaggtcagce 1680
cacagcttcce cacacccget ctacgatatg agcctcecctga agaatcgatt cctcaggceca 1740
ggtgatgact ccagccacga cctcatgetg ctceccgectgt cagagcectgce cgagctcacy 1800
gatgctgtga aggtcatgga cctgeccace caggagecag cactggggac cacctgctac 1860
gcctcagget ggggcagcat tgaaccagag gagttcttga ccccaaagaa acttcagtgt 1920
gtggacctcc atgttattte caatgacgtg tgtgcgcaag ttcaccctca gaaggtgacce 1980
aagttcatgc tgtgtgctgg acgctggaca gggggcaaaa gcacctgctce gggtgattct 2040
gggggcccac ttgtctgtaa tggtgtgett caaggtatca cgtcatgggg cagtgaacca 2100
tgtgcectge ccgaaaggcec tteccctgtac accaaggtgg tgcattaccg gaagtggatce 2160
aaggacacca tcgtggccaa cccctga 2187

<210> SEQ ID NO 74
<211> LENGTH: 710

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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-continued

168

<223> OTHER INFORMATION:

<400> SEQUENCE:

Gln Val Gln Leu

1

Gly
Lys
65

Met

Ala

Ala

Leu

145

Gly

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arg

305

Ser

Lys

Glu

Phe

Glu
385

Val

Ile

Asp

Gly

Gln

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu

290

Leu

Asn

Gly

Glu

Tyr

370

Asn

Lys

Ser

35

Ile

Lys

Leu

Tyr

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Gln

Met
355

Pro

Asn

Met

20

Trp

Tyr

Ala

Ser

Tyr

100

Ser

Ser

Asp

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Pro
340
Thr

Ser

Tyr

74

Arg

Ser

Val

Pro

Thr

Ser

85

Asn

Ala

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Lys

245

Val

Asp

Phe

Asp

Leu

325

Arg

Lys

Asp

Lys

Gln

Cys

Lys

Gly

Leu

70

Leu

Tyr

Ala

Ser

Phe

150

Gly

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp

310

Pro

Glu

Asn

Ile

Thr
390

Synthetic peptide.

Ser

Lys

Gln

Ser

Thr

Thr

Pro

Lys

Thr

135

Pro

Val

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Pro

Gln

Ala

375

Thr

Gly

Ala

Arg

40

Gly

Ala

Ser

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Glu

Leu

Ser

Glu

280

Thr

Asn

Ser

Gln

Val
360

Val

Pro

Pro

Ser

25

Thr

Tyr

Asp

Glu

Ala

105

Thr

Glu

Pro

Thr

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Val
345
Ser

Glu

Pro

Glu

10

Gly

Gly

Ser

Lys

Asp

90

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu

330

Tyr

Leu

Trp

Val

Leu

Tyr

Gln

Phe

Ser

75

Ser

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu

315

Lys

Thr

Thr

Glu

Leu
395

Val

Thr

Gly

Tyr

60

Ser

Ala

Gly

Ser

Ala

140

Val

Ala

Val

His

Gly

220

Ser

Arg

Pro

Ala

Val

300

Tyr

Thr

Leu

Cys

Ser
380

Asp

Lys

Phe

Leu

45

Asn

Thr

Val

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Leu
365

Asn

Ser

Pro

Thr

30

Glu

Glu

Thr

Tyr

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro
350
Val

Gly

Asp

Gly

15

Asp

Trp

Asn

Ala

Phe

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys

335

Ser

Lys

Gln

Gly

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Leu

Leu

Cys

Ser

160

Ser

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

Val

320

Ala

Gln

Gly

Pro

Ser
400
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170

Phe Phe Leu Tyr Ser Arg Leu Thr

405

Gly Asn Val Phe Ser Cys Ser Val

420

Tyr Thr Gln Lys Ser Leu Ser Leu

435

440

Thr Glu Pro Ala Thr Pro Thr Thr

450

455

Leu Leu Ala Pro Leu Ile Leu Ser
465 470

Glu Lys His Ser Gln Pro Trp Gln

485

Ala Val Cys Gly Gly Val Leu Val

500

Ala His Cys Ile Arg Asn Lys Ser

515

520

Leu Phe His Pro Glu Asp Thr Gly

530

535

Phe Pro His Pro Leu Tyr Asp Met
545 550

Arg Pro Gly Asp Asp Ser Ser His

565

Glu Pro Ala Glu Leu Thr Asp Ala

580

Gln Glu Pro Ala Leu Gly Thr Thr

595

600

Ile Glu Pro Glu Glu Phe Leu Thr

610

615

Leu His Val Ile Ser Asn Asp Val
625 630

Val Thr Lys Phe Met Leu Cys Ala

645

Thr Cys Ser Gly Asp Ser Gly Gly

660

Gln Gly Ile Thr Ser Trp Gly Ser

675

680

Pro Ser Leu Tyr Thr Lys Val Val

690

695

Thr Ile Val Ala Asn Pro
705 710

<210> SEQ ID NO 75
<211> LENGTH: 2268
<212> TYPE: DNA

Val

Met

425

Ser

Pro

Arg

Val

His

505

Val

Gln

Ser

Asp

Val

585

Cys

Pro

Cys

Gly

Pro

665

Glu

His

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 75

atggaatgga ggatctttct

cagctgegge agtctggace

aaggcttetyg gatacacatt

cagggcecttyg agtggattgg

aacttcaagyg gcaaggccac

cttcatcetyg

tgagetggtg

tactgactat

agatatttat

actgactgca

Asp

410

His

Leu

Val

Ile

Leu

490

Pro

Ile

Val

Leu

Leu

570

Lys

Tyr

Lys

Ala

Arg

650

Leu

Pro

Tyr

Lys

Glu

Gly

Thr

Val

475

Val

Gln

Leu

Phe

Leu

555

Met

Val

Ala

Lys

Gln

635

Trp

Val

Cys

Arg

tcaggaactg

aagcctgggg

gttataagtt

cctggaagtyg

gacaaatcct

Ser Arg Trp
Ala Leu His
430

Lys Ala Ser
445

Thr Pro Thr
460

Gly Gly Trp

Ala Ser Arg

Trp Val Leu

510

Leu Gly Arg
525

Gln Val Ser
540

Lys Asn Arg

Leu Leu Arg

Met Asp Leu

590

Ser Gly Trp
605

Leu Gln Cys
620

Val His Pro

Thr Gly Gly

Cys Asn Gly
670

Ala Leu Pro
685

Lys Trp Ile
700

Syntehtic oligonucleotide.

caggtgtcca

cttcagtgaa

gggtgaagca

gttattcttt

ccaccacagc

Gln Glu
415

Asn His

Asp Thr

Thr Thr

Glu Cys
480

Gly Arg
495

Thr Ala

His Ser

His Ser

Phe Leu
560

Leu Ser
575

Pro Thr

Gly Ser

Val Asp

Gln Lys
640

Lys Ser
655

Val Leu

Glu Arg

Lys Asp

ctceccaggtt
gatgtcctge
gagaactgga
ctacaatgag

ctacatgcag

60

120

180

240

300
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172

-continued
ctcagcagee tgacatctga ggactctgeg gtetatttet gtgcaaccta ctataactac 360
cettttgett actggggcca agggactcectg gtcactgtet ctgcagccaa aacaacgggce 420
ccatcegtet tcccectgge gecctgetee aggagcacct ccegagagcac agcecgecctg 480
ggctgectygy tcaaggacta cttecccgaa ceggtgacgg tgtcegtggaa ctcaggegece 540
ctgaccageg gcegtgcacac cttccegget gtectacagt cctcaggact ctactccecte 600
agcagegtgg tgaccgtgcce ctccagecage ttgggcacga agacctacac ctgcaacgta 660
gatcacaagce ccagcaacac caaggtggac aagagagttg agtccaaata tggtccccca 720
tgcccaccet geccagcace tgagttcgaa gggggaccat cagtettect gtteccccca 780
aaacccaagg acactctcat gatctcecgg acccectgagyg tcacgtgegt ggtggtggac 840
gtgagccagyg aagaccccga ggtccagttce aactggtacyg tggatggegt ggaggtgeat 900
aatgccaaga caaagccgcg ggaggagcag ttcaacagea cgtaccgtgt ggtcagegte 960
ctcaccgtee tgcaccagga ctggctgaac ggcaaggagt acaagtgcaa ggtctccaac 1020
aaaggcctee cgtectecat cgagaaaacce atctccaaag ccaaagggca gccccgagag 1080
ccacaggtgt acaccctgcce cccatcecag gaggagatga ccaagaacca ggtcagectg 1140
acctgectgg tcaaaggctt ctaccccage gacatcgecg tggagtggga gagcaatggg 1200
cagccggaga acaactacaa gaccacgcct ccegtgetgg actccgacgg ctecttette 1260
ctctacagca ggctaaccgt ggacaagagc aggtggcagg aggggaatgt cttctcatgce 1320
tcegtgatge atgaggctcect gcacaaccac tacacacaga agagcctcte ccectgtetcetg 1380
ggtaaagcta gtcagaccce caccaacacce atcagegtga cccccaccaa caacagcacce 1440
cccaccaaca acagcaaccce caagcccaac cecgctagtyg agaagatceg getgeggece 1500
ggcggcaaga agaagtacaa gctgaagcac atcgtggcta gtagcagegt gagcecccacce 1560
accagegtge accccaccce caccagegtg ceccccaccee ccaccaagag cagccccget 1620
agtaaccccce ccatcccegt gggcgagatce tacaagceggt ggatcatcct gggectgaac 1680
aagatcgtgce ggatgtacag ccccaccage atcctggacyg ctagtcccac cagcacccce 1740
geegacagea gcaccatcac ccccaccgcec acccccaccg ccaccceccac catcaaggge 1800
gctagtcaca cccagggcta cttecccgac tggcagaact acaccccegg ceccggegtyg 1860
cggtaccccce tgaccttegg ctggctgtac aagetggcta gtaccgtgac ccccaccgcece 1920
accgecacce ccagegecat cgtgaccacce atcacccceca cegecaccac caagceccget 1980
agtgtgggcet tcccegtgac cccccaggtyg ceectgegge ccatgaccta caaggecgece 2040
gtggacctga gccacttcect gaaggagaag ggcggectgg ctagtaccaa cggcagcatce 2100
accgtggeceg ccaccgecce caccgtgacce cecaccgtga acgecaccee cagcgecgece 2160
gctagtgeca tcecttceccagag cagcatgacce aagatcctgg agecccttceccg gaagcagaac 2220
ccecgacatcg tgatctacca gtacatggac gacctgtacg ctagctga 2268

<210> SEQ ID NO 76
<211> LENGTH: 737

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 76

Synthetic peptide.

Gln Val Gln Leu Arg Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala

1

5

10

15
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174

Ser

Gly
Lys
65

Met

Ala

Ala

Leu

145

Gly

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arg

305

Ser

Lys

Glu

Phe

Glu
385

Phe

Gly

Val

Ile

Asp

50

Gly

Gln

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu

290

Leu

Asn

Gly

Glu

Tyr
370
Asn

Phe

Asn

Lys

Ser

35

Ile

Lys

Leu

Tyr

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Gln

Met

355

Pro

Asn

Leu

Val

Met

20

Trp

Tyr

Ala

Ser

Tyr

100

Ser

Ser

Asp

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Pro

340

Thr

Ser

Tyr

Tyr

Phe
420

Ser

Val

Pro

Thr

Ser

Asn

Ala

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Lys

245

Val

Asp

Phe

Asp

Leu

325

Arg

Lys

Asp

Lys

Ser
405

Ser

Cys

Lys

Gly

Leu

70

Leu

Tyr

Ala

Ser

Phe

150

Gly

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp

310

Pro

Glu

Asn

Ile

Thr

390

Arg

Cys

Lys

Gln

Ser

55

Thr

Thr

Pro

Lys

Thr

135

Pro

Val

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Pro

Gln

Ala

375

Thr

Leu

Ser

Ala

Arg

40

Gly

Ala

Ser

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Glu

Leu

Ser

Glu

280

Thr

Asn

Ser

Gln

Val

360

Val

Pro

Thr

Val

Ser

25

Thr

Tyr

Asp

Glu

Ala

105

Thr

Glu

Pro

Thr

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Val

345

Ser

Glu

Pro

Val

Met
425

Gly

Gly

Ser

Lys

Asp

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu

330

Tyr

Leu

Trp

Val

Asp
410

His

Tyr

Gln

Phe

Ser

75

Ser

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu

315

Lys

Thr

Thr

Glu

Leu

395

Lys

Glu

Thr

Gly

Tyr

60

Ser

Ala

Gly

Ser

Ala

140

Val

Ala

Val

His

Gly

220

Ser

Arg

Pro

Ala

Val

300

Tyr

Thr

Leu

Cys

Ser
380
Asp

Ser

Ala

Phe

Leu

45

Asn

Thr

Val

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Leu

365

Asn

Ser

Arg

Leu

Thr

30

Glu

Glu

Thr

Tyr

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro

350

Val

Gly

Asp

Trp

His
430

Asp

Trp

Asn

Ala

Phe

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys

335

Ser

Lys

Gln

Gly

Gln
415

Asn

Tyr

Ile

Phe

Tyr

80

Cys

Leu

Leu

Cys

Ser

160

Ser

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

Val

320

Ala

Gln

Gly

Pro

Ser
400

Glu

His



175

US 9,315,

-contin

580 B2

ued

176

Tyr Thr Gln
435

Pro Thr Asn
450

Asn Asn Ser
465

Arg Pro Gly

Ser Ser Val

Pro Pro Thr

515

Val Gly Glu
530

Val Arg Met

Thr Pro Ala

Thr Pro Thr

Trp Gln Asn

595

Gly Trp Leu
610

Thr Pro Ser
625

Pro Ala Ser

Met Thr Tyr

Gly Gly Leu

675

Pro Thr Val
690

Ala Ile Phe
705

Gln Asn Pro

Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Ser Leu Ser Leu

440

Thr Ile Ser Val Thr

455

Asn Pro Lys Pro Asn
470

Gly Lys Lys Lys Tyr

485

Ser Pro Thr Thr Ser

500

Pro Thr Lys Ser Ser

520

Ile Tyr Lys Arg Trp

535

Tyr Ser Pro Thr Ser
550

Asp Ser Ser Thr Ile

565

Ile Lys Gly Ala Ser

580

Tyr Thr Pro Gly Pro

600

Tyr Lys Leu Ala Ser

615

Ala Ile Val Thr Thr
630

Val Gly Phe Pro Val

645

Lys Ala Ala Val Asp

660

Ala Ser Thr Asn Gly

680

Thr Pro Thr Val Asn

695

Gln Ser Ser Met Thr
710

Asp Ile Val Ile Tyr

725
D NO 77
H: 708

DNA

Ser

Pro

Pro

Lys

Val

505

Pro

Ile

Ile

Thr

His

585

Gly

Thr

Ile

Thr

Leu

665

Ser

Ala

Lys

Gln

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 77

atggatttte

agaggacaaa

gtcacaatga

ccaggatcct

getegettea

aagtgcagat

ttgttetete

cttgcaggge

cccccaaacce

gtggcagtgg

tttcagette

ccagtceteca

cagctcaagt

ctggatttat

gtctgggace

Leu

Thr

Ala

Leu

490

His

Ala

Ile

Leu

Pro

570

Thr

Val

Val

Thr

Pro

650

Ser

Ile

Thr

Ile

Tyr
730

Gly

Asn

Ser

475

Lys

Pro

Ser

Leu

Asp

555

Thr

Gln

Arg

Thr

Pro

635

Gln

His

Thr

Pro

Leu

715

Met

ctgctaatca

gcaatcctgt

gtaagttaca

gccacatcca

tcttattcte

Lys Ala Ser
445

Asn Ser Thr
460

Glu Lys Ile

His Ile Val

Thr Pro Thr

510

Asn Pro Pro
525

Gly Leu Asn
540

Ala Ser Pro

Ala Thr Pro

Gly Tyr Phe

590

Tyr Pro Leu
605

Pro Thr Ala
620

Thr Ala Thr

Val Pro Leu

Phe Leu Lys

670

Val Ala Ala
685

Ser Ala Ala
700

Glu Pro Phe

Asp Asp Leu

Synthetic oligonucleotide.

gtgcttcagt

ctgcatctee

tgcactggta

acctggette

tcacaatcag

Gln Thr

Pro Thr

Arg Leu
480

Ala Ser
495

Ser Val

Ile Pro

Lys Ile

Thr Ser
560

Thr Ala
575

Pro Asp

Thr Phe

Thr Ala

Thr Lys
640

Arg Pro
655

Glu Lys

Thr Ala

Ala Ser

Arg Lys
720

Tyr Ala
735

cataatgtcc
aggggagaag
ccagcggaag
tggagtcect

cagagtggag

60

120

180

240

300
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-continued
gctgaagatyg ctgccactta ttactgccag cagtggagta gtaacccget cacgtteggt 360
gctgggacca agctggaget gaaacgggcet gatgctgcac caactgtatce catcttccca 420
ccatccagtyg agcagttaac atctggaggt gectcagteg tgtgettett gaacaactte 480
taccccaaag acatcaatgt caagtggaag attgatggca gtgaacgaca aaatggcgte 540
ctgaacagtt ggactgatca ggacagcaaa gacagcacct acagcatgag cagcacccte 600
acgttgacca aggacgagta tgaacgacat aacagctata cctgtgaggce cactcacaag 660
acatcaactt cacccatcgt caagagcttc aacaggaatg agtgttag 708
<210> SEQ ID NO 78
<211> LENGTH: 213
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide.
<400> SEQUENCE: 78
Gln Ile Val Leu Ser Gln Ser Pro Ala Ile Leu Ser Ala Ser Pro Gly
1 5 10 15
Glu Lys Val Thr Met Thr Cys Arg Ala Ser Ser Ser Val Ser Tyr Met
20 25 30
His Trp Tyr Gln Arg Lys Pro Gly Ser Ser Pro Lys Pro Trp Ile Tyr
35 40 45
Ala Thr Ser Asn Leu Ala Ser Gly Val Pro Ala Arg Phe Ser Gly Ser
50 55 60
Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Arg Val Glu Ala Glu
65 70 75 80
Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Trp Ser Ser Asn Pro Leu Thr
85 90 95
Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Ala Asp Ala Ala Pro
100 105 110
Thr Val Ser Ile Phe Pro Pro Ser Ser Glu Gln Leu Thr Ser Gly Gly
115 120 125
Ala Ser Val Val Cys Phe Leu Asn Asn Phe Tyr Pro Lys Asp Ile Asn
130 135 140
Val Lys Trp Lys Ile Asp Gly Ser Glu Arg Gln Asn Gly Val Leu Asn
145 150 155 160
Ser Trp Thr Asp Gln Asp Ser Lys Asp Ser Thr Tyr Ser Met Ser Ser
165 170 175
Thr Leu Thr Leu Thr Lys Asp Glu Tyr Glu Arg His Asn Ser Tyr Thr
180 185 190
Cys Glu Ala Thr His Lys Thr Ser Thr Ser Pro Ile Val Lys Ser Phe
195 200 205
Asn Arg Asn Glu Cys
210
<210> SEQ ID NO 79
<211> LENGTH: 1428
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic oligonucleotide.
<400> SEQUENCE: 79
atggaatgga gctgggtett tctcttecte ctgtcagtaa ttgcaggtgt ccaatcccag 60
gttcagetge agcagtctgg ggctgagetg gtgaggectyg gggcttcagt gacgetgtec 120
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180

-continued
tgcaaggctt cgggctacac atttattgac catgatatge actgggtgca gcagacacct 180
gtgtatggece tggaatggat cggagctatt gatcctgaaa ctggtgatac tggctacaat 240
cagaagttca agggcaaggc catactgact gcagacaaat cctccaggac agcectacatg 300
gaactccegea gectgacate tgaggactcet gecgtcetatt actgtacaat ccecttctac 360
tatagtaact acagcccgtt tgcttactgg ggccaagggg ctetggtcac tgtctcectgea 420
gccaaaacaa cagcecccate ggtctatcca ctggecectyg tgtgtggagg tacaactgge 480
tccteggtga ctctaggatg cctggtcaag ggttatttece ctgagccagt gaccttgace 540
tggaactctyg gatcectgte cagtggtgtg cacaccttece cagetctect gcagtcetgge 600
ctctacacce tcagcagetce agtgactgta acctcgaaca cctggcccag ccagaccate 660
acctgcaatg tggcccacce ggcaagcage accaaagtgg acaagaaaat tgagcccaga 720
gtgcccataa cacagaacce ctgtectceca ctcaaagagt gtcccccatg cgcagaccte 780
ttgggtggac catccgtett catcttecct ccaaagatca aggatgtact catgatctce 840
ctgageccca tggtcacatg tgtggtggtg gatgtgageg aggatgacce agacgcccag 900
atcagctggt ttgtgaacaa cgtggaagta cacacagctce agacacaaac ccatagagag 960
gattacaaca gtactctccg ggtggtcagt geccctecccca tcecagcacca ggactggatg 1020
agtggcaagg agttcaaatg caaggtcaac aacagagccce tcccatcccece catcgagaaa 1080
accatctcaa aacccagagg gccagtaaga gctccacagg tatatgtctt gectccacca 1140
gcagaagaga tgactaagaa agagttcagt ctgacctgca tgatcacagg cttcttacct 1200
geecgaaattyg ctgtggactg gaccagcaat gggcgtacag agcaaaacta caagaacacce 1260
gcaacagtcc tggactctga tggttcttac ttcatgtaca gcaagctcag agtacaaaag 1320
agcacttggg aaagaggaag tcttttecgce tgctcagtgg tccacgaggg tctgcacaat 1380
caccttacga ctaagaccat ctcccggtcet ctgggtaaag ctagctga 1428

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 80
H: 456
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 80

Gln Val Gln
1

Ser Val Thr
Asp Met His
35

Gly Ala Ile
50

Lys Gly Lys
65

Met Glu Leu

Thr Ile Pro

Gln Gly Ala
115

Leu Gln Gln Ser Gly

Leu Ser Cys Lys Ala

20

Trp Val Gln Gln Thr

40

Asp Pro Glu Thr Gly

55

Ala Ile Leu Thr Ala

70

Arg Ser Leu Thr Ser

85

Phe Tyr Tyr Ser Asn

100

Leu Val Thr Val Ser

120

Ala

Ser

25

Pro

Asp

Asp

Glu

Tyr
105

Ala

Glu
10
Gly

Val

Thr

Lys

Asp

90

Ser

Ala

Synthetic peptide.

Leu

Tyr

Tyr

Gly

Ser

75

Ser

Pro

Lys

Val Arg Pro

Thr Phe Ile

Gly Leu Glu
45

Tyr Asn Gln
60

Ser Arg Thr

Ala Val Tyr

Phe Ala Tyr
110

Thr Thr Ala
125

Gly Ala
15

Asp His
Trp Ile

Lys Phe

Ala Tyr
80
Tyr Cys

Trp Gly

Pro Ser
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182

Thr

145

Thr

Leu

Ser

Ala

Thr

225

Leu

Ser

305

Met

Ser

Pro

Glu

Ala

385

Thr

Leu

Ser

Ser

<210>
<211>
<212>
<213>
<220>
<223>

Tyr

130

Leu

Trp

Leu

Asn

Ser

210

Gln

Leu

Leu

Ser

Glu

290

Thr

Ser

Pro

Gln

Phe

370

Val

Ala

Arg

Val

Arg
450

Pro

Gly

Asn

Gln

Thr

195

Ser

Asn

Gly

Met

Glu

275

Val

Leu

Gly

Ile

Val

355

Ser

Asp

Thr

Val

Val

435

Ser

Leu

Cys

Ser

Ser

180

Trp

Thr

Pro

Gly

Ile

260

Asp

His

Arg

Lys

Glu

340

Tyr

Leu

Trp

Val

Gln

420

His

Leu

<400> SEQUENCE:

Ala

Leu

Gly

165

Gly

Pro

Lys

Cys

Pro

245

Ser

Asp

Thr

Val

Glu

325

Lys

Val

Thr

Thr

Leu

405

Lys

Glu

Gly

SEQ ID NO 81
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

1635

81

Pro

Val

150

Ser

Leu

Ser

Val

Pro

230

Ser

Leu

Pro

Ala

Val

310

Phe

Thr

Leu

Cys

Ser

390

Asp

Ser

Gly

Lys

Val

135

Lys

Leu

Tyr

Gln

Asp

215

Pro

Val

Ser

Asp

Gln

295

Ser

Lys

Ile

Pro

Met

375

Asn

Ser

Thr

Leu

Ala
455

Cys

Gly

Ser

Thr

Thr

200

Lys

Leu

Phe

Pro

Ala

280

Thr

Ala

Cys

Ser

Pro

360

Ile

Gly

Asp

Trp

His

440

Ser

Gly

Tyr

Ser

Leu

185

Ile

Lys

Lys

Ile

Met

265

Gln

Gln

Leu

Lys

Lys

345

Pro

Thr

Arg

Gly

Glu

425

Asn

Gly

Phe

Gly

170

Ser

Thr

Ile

Glu

Phe

250

Val

Ile

Thr

Pro

Val

330

Pro

Ala

Gly

Thr

Ser

410

Arg

His

Thr

Pro

155

Val

Ser

Cys

Glu

Cys

235

Pro

Thr

Ser

His

Ile

315

Asn

Arg

Glu

Phe

Glu

395

Tyr

Gly

Leu

Synthetic sequence

atgacattga acatgctgtt ggggctgagg tgggttttet

gtgcattgtyg aggtgcagcet tgttgagtct ggtggaggat

ttgaaactct catgtgcage ctectggatta accttcaata

Thr

140

Glu

His

Ser

Asn

Pro

220

Pro

Pro

Cys

Trp

Arg

300

Gln

Asn

Gly

Glu

Leu

380

Gln

Phe

Ser

Thr

ttgttgtttt ttatcaaggt

tggtgcagee taaagggtca

tctacgccat gaactgggte

Gly

Pro

Thr

Val

Val

205

Arg

Pro

Lys

Val

Phe

285

Glu

His

Arg

Pro

Met

365

Pro

Asn

Met

Leu

Thr
445

Ser

Val

Phe

Thr

190

Ala

Val

Cys

Ile

Val

270

Val

Asp

Gln

Ala

Val

350

Thr

Ala

Tyr

Tyr

Phe

430

Lys

Ser

Thr

Pro

175

Val

His

Pro

Ala

Lys

255

Val

Asn

Tyr

Asp

Leu

335

Arg

Lys

Glu

Lys

Ser

415

Ala

Thr

Val

Leu

160

Ala

Thr

Pro

Ile

Asp

240

Asp

Asp

Asn

Asn

Trp

320

Pro

Ala

Lys

Ile

Asn

400

Lys

Cys

Ile
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-continued
cgccaggete caggaaaggg tttggaatgg gttgctcegea taagaaataa aagtaataat 240
tatgcaacat attatgccga ttcagtgaaa gacaggttca ccatctccag agatgattca 300
caaagcttge tctatctgca aatgaacaac ttgaaaactyg aggacacagce catgtattac 360
tgtgtgggac gggactggtt tgattactgg ggccaaggga ctctggtcac tgtctctgea 420
gccaaaacga agggcccate cgtcettecce ctggegecct getccaggag cacctcecgag 480
agcacagcceg ccctgggetyg cctggtcaag gactacttece ccgaaccggt gacggtgteg 540
tggaactcag gcgcectgac cagcggegtyg cacaccttece cggetgtect acagtcectca 600
ggactctact ccctcagcag cgtggtgace gtgccctceca gecagettggg cacgaagacce 660
tacacctgca acgtagatca caagcccage aacaccaagg tggacaagag agttgagtce 720
aaatatggtc ccccatgeccce accctgecca geacctgagt tcegaaggggyg accatcagte 780
ttectgttee ccccaaaacce caaggacact ctcatgatcet ceecggaccee tgaggtcacyg 840
tgegtggtgg tggacgtgag ccaggaagac cccgaggtece agttcaactyg gtacgtggat 900
ggcgtggagy tgcataatgce caagacaaag ccgcgggagg agcagttcaa cagcacgtac 960
cgtgtggtca gecgtectcac cgtcecctgcac caggactgge tgaacggcaa ggagtacaag 1020
tgcaaggtct ccaacaaagg cctccegtece tecatcgaga aaaccatctce caaagccaaa 1080
gggcagcecee gagagccaca ggtgtacacce ctgccceccat cecaggagga gatgaccaag 1140
aaccaggtca gcctgacctg cctggtcaaa ggcttctacce ccagcgacat cgccgtggag 1200
tgggagagca atgggcagcce ggagaacaac tacaagacca cgcectccegt getggactcee 1260
gacggctect tettectcecta cagcaggcta accgtggaca agagcaggtg gcaggagggy 1320
aatgtcttct catgctcegt gatgcatgag gctcectgcaca accactacac acagaagagc 1380
ctcteectgt ctcectgggtaa agctagcaat tctectcaaa atgaagtact gtacggagat 1440
gtgaatgatg acggaaaagt aaactccact gacttgactt tgttaaaaag atatgttcett 1500
aaagccgtcet caactcteccece ttettcecaaa gctgaaaaga acgcagatgt aaatcgtgac 1560
ggaagagtta attccagtga tgtcacaata ctttcaagat atttgataag ggtaatcgag 1620
aaattaccaa tataa 1635

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 82
H: 521
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 82

Glu Val Gln
1

Ser Leu Lys

Ala Met Asn
35

Ala Arg Ile
50

Ser Val Lys
65

Leu Tyr Leu

Tyr Cys Val

Leu Val Glu Ser Gly

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Arg Asn Lys Ser Asn

55

Asp Arg Phe Thr Ile

70

Gln Met Asn Asn Leu

85

Gly Arg Asp Trp Phe

100

Gly

Ser

25

Pro

Asn

Ser

Lys

Asp
105

Gly

Gly

Gly

Tyr

Arg

Thr

90

Tyr

Synthetic peptide

Leu

Leu

Lys

Ala

Asp

75

Glu

Trp

Val Gln Pro

Thr Phe Asn
30

Gly Leu Glu
45

Thr Tyr Tyr
60

Asp Ser Gln

Asp Thr Ala

Gly Gln Gly
110

Lys Gly
15

Ile Tyr

Trp Val

Ala Asp

Ser Leu
80

Met Tyr
95

Thr Leu
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Ala

Leu

145

Gly

Ser

Leu

Thr

Pro

225

Pro

Thr

Asn

Arg

305

Ser

Lys

Glu

Phe

Glu

385

Phe

Gly

Tyr

Pro

Asn
465
Ser

Asp

Ile

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Pro

Cys

Trp

Glu

290

Leu

Asn

Gly

Glu

Tyr

370

Asn

Phe

Asn

Thr

Gln

450

Ser

Thr

Gly

Arg

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Lys

Val

Tyr

275

Glu

His

Lys

Gln

Met

355

Pro

Asn

Leu

Val

Gln

435

Asn

Thr

Leu

Arg

Val
515

Ser

Ser

Asp

Thr

Tyr

180

Lys

Asp

Ala

Pro

Val

260

Val

Gln

Gln

Gly

Pro

340

Thr

Ser

Tyr

Tyr

Phe

420

Lys

Glu

Asp

Pro

Val
500

Ile

Ala

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Lys

245

Val

Asp

Phe

Asp

Leu

325

Arg

Lys

Asp

Lys

Ser

405

Ser

Ser

Val

Leu

Ser
485

Asn

Glu

Ala

Ser

Phe

150

Gly

Leu

Tyr

Arg

Glu

230

Asp

Asp

Gly

Asn

Trp

310

Pro

Glu

Asn

Ile

Thr

390

Arg

Cys

Leu

Leu

Thr
470
Ser

Ser

Lys

Lys

Thr

135

Pro

Val

Ser

Thr

Val

215

Phe

Thr

Val

Val

Ser

295

Leu

Ser

Pro

Gln

Ala

375

Thr

Leu

Ser

Ser

Tyr

455

Leu

Lys

Ser

Leu

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Glu

Leu

Ser

Glu

280

Thr

Asn

Ser

Gln

Val

360

Val

Pro

Thr

Val

Leu

440

Gly

Leu

Ala

Asp

Pro
520

Lys

Glu

Pro

Thr

Val

185

Asn

Ser

Gly

Met

Gln

265

Val

Tyr

Gly

Ile

Val

345

Ser

Glu

Pro

Val

Met

425

Ser

Asp

Lys

Glu

Val
505

Ile

Gly

Ser

Val

Phe

170

Val

Val

Lys

Gly

Ile

250

Glu

His

Arg

Lys

Glu

330

Tyr

Leu

Trp

Val

Asp

410

His

Leu

Val

Arg

Lys

490

Thr

Pro

Thr

Thr

155

Pro

Thr

Asp

Tyr

Pro

235

Ser

Asp

Asn

Val

Glu

315

Lys

Thr

Thr

Glu

Leu

395

Lys

Glu

Gly

Asn

Tyr
475

Asn

Ile

Ser

Ala

140

Val

Ala

Val

His

Gly

220

Ser

Arg

Pro

Ala

Val

300

Tyr

Thr

Leu

Cys

Ser

380

Asp

Ser

Ala

Lys

Asp
460

Ala

Leu

Val

125

Ala

Ser

Val

Pro

Lys

205

Pro

Val

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Leu

365

Asn

Ser

Arg

Leu

Ala

445

Asp

Leu

Asp

Ser

Phe

Leu

Trp

Leu

Ser

190

Pro

Pro

Phe

Pro

Val

270

Thr

Val

Cys

Ser

Pro

350

Val

Gly

Asp

Trp

His

430

Ser

Gly

Lys

Val

Arg
510

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Leu

Glu

255

Gln

Lys

Leu

Lys

Lys

335

Ser

Lys

Gln

Gly

Gln

415

Asn

Asn

Lys

Ala

Asn
495

Tyr

Leu

Cys

Ser

160

Ser

Ser

Asn

Pro

Phe

240

Val

Phe

Pro

Thr

Val

320

Ala

Gln

Gly

Pro

Ser

400

Glu

His

Ser

Val

Val
480

Arg

Leu
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What is claimed is:

1. An isolated Langerin binding antibody or antigen bind-
ing fragment thereof comprising:

1) an antibody light chain variable domain comprising light
chain complementarity regions CDR1L, CDR2L and
CDR3L from SEQ ID NO: 2 and an antibody heavy
chain variable domain comprising heavy chain comple-
mentarity regions CDR1H, CDR2H and CDR3H from
SEQ ID NO: 4 or,

il) an antibody light chain variable domain comprising
light chain complementarity regions CDR1L, CDR2L
and CDR3L from SEQ ID NO: 6 and an antibody heavy
chain variable domain comprising heavy chain comple-
mentarity regions CDR1H, CDR2H and CDR3H from
SEQ ID NO: 8.

2. The antibody or antigen binding fragment thereof of
claim 1, wherein the antibody comprises

the light chain variable domain sequence of SEQ ID NO: 2
and the heavy chain variable domain sequence of SEQ
ID NO: 4 or,

10
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the light chain variable domain sequence of SEQ ID NO: 6
and the heavy chain variable domain sequence of SEQ
ID NO: 8.

3. The antibody of claim 1, the antibody comprising an
antibody light chain of SEQ ID NO: 2 and an antibody heavy
chain of SEQ ID NO: 4 or an antibody light chain of SEQ ID
NO: 6 and an antibody heavy chain of SEQ ID NO 8.

4. The antibody or antigen binding fragment thereof of
claim 1, wherein the antibody or antigen binding fragment is
humanized.

5. The antibody of claim 1, wherein the antibody is pro-
duced by the 15B10 hybridoma having ATCC Accession No.
PTA-9852 or the 2G3 hybridoma having ATCC Accession
No. PTA-9853.

6. The antigen binding fragment thereof of claim 1,
wherein the antigen binding fragment is an Fv, Fab, Fab',
F(ab")2 or ScFv.

7. The antibody or antigen binding fragment thereof of
claim 1, wherein the antibody or antigen binding fragment is
the expression product of SEQ ID NO: 1 and 3 or SEQID NO:
S5and 7.



